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PREFACE '
The -United States is facing one of its most challenging decades in recent
history. Fuel supply and inflationgry prices have forced us to consider
alternate energy sources as a means§3§~preserving our standard of living,
industrial society, and economic stability. One such alternative is solar.

Presently, fofeigp crude oil provides the raw material for about one-half
the_liqg}d fuad*pyduction in the U.S. Political instability in foreign
oil-producing countries underscores thé need to decrease our evaer-growing
depéendency on foreign energy sources and to lessen our vulnerability

to such imports. Solar energy as an alternate can be used as a renewable
domestic energy source and to supplement_our increasing appetite for oil. .

4 « 7 ;

TS -help bru(s about ‘the potential for solar energy, there must be a ‘cadre
of trained techniciane to design, instslt, troubleshoot, and market
solar energy so that the consumer can feel comfortable in the market's
abilﬁty tocgsrvice and react to his/her solar energy ‘needs,
With;the support of the National Science Foundation, Navarro College, .
in consortium with North Lake College, Brevard Community College, Cerro
Coso Community College, and Malaspina College, has developed and pilot
tested a two-year associate degree curriculum to train soldr technicians.
It can be duplicated or replicated by other educational institutions for
their training needs.,- .

: . 1«

The two-year technician program prepares a persdn to: o .
- 1) - apply knowledge to science and mathematics extensively and
render direct technical assistance to scientists and*engineers engaged w~

in solar energy research and experimentation;
V' 2) design, plan, supervise, and assist in imstallation of both .

simple and complex solar systems and solar control devices; -

3) supervise, or execute, the operation, maintenance and repair
of si%ple and eomplex solar éystems and solar control systems;
' 4) design;'pland and estimate costs as a field representative °
or salesperson for a manufacturqr or distributor of solar equipment,;
- 5) prepare or interpret drawings and sketches and write
specifications’or procedures for work related to solar systems; and .

6) work with and communicate with both the public:and other "
employees regatding the entire field of solar energy .’

v

- *
This curriculum consists of nine volumes: -

1 1) an Instructor's Guide for the eleven solar courses, “to
include references," educational objectivgs,*transparency masters,
pre-tests and pOSt-tests, and representative student ‘labs;

2) an Implementation Guide ddressing equipmént, commitment,
and elements to be considered before setting up a solar program; _
3). Student Material for each of seven of the core solar :«courses:
a) Materials, Materials Handling, and Fabrication Processes;

b) Sizing, Design, and Retrofit; . f

o ¢) Collectors and Energy Storage; .
o * d) Non-Residential Applications; '
L e) " Energy Conservatjon and Passive Design;’ .

f) Codes, Legalities, Consumerism, and Economics;™ .
g) Operational Diagndsis.

. - .
. . -
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USE OF THE STUDENT MATERIALS
- ' -y

The intent of this manuad is for student use as a supplement to
- > . ~ . «
the'instructor's guide for the same course. It contains’readings,

-

. e &Xercises, worksheetsT»bibliographieS)"and illus@ratons‘to reinfoice

A} -

theiconcepts contained within this particular course of study. Each’

student;7¢f;;ials manual is written in a similar format but differs

in some/details due to the nature of the course and the subject

]

Ratter covered. , ,

Pretests, pésttests, and lab exercise are not contained‘in this
13
nanual. Refer to the instructor's guide for this course to find these.

itens. ) , . . , .

Student materials manuals are supplied for seven of tﬁi eleven

solar courses in this project. The four not included are: Intro-

duction towﬁ?lar Pnergy, Energy Science I, Enetgy Science II, and

the Practicuh. ) . « - N
A " Legnd '
The pagination codéﬂzgxused as follows:
L} V ‘.',\. ﬂ"‘:‘. i - .

/J “I - the ’bﬁﬁg}numeral coordinates with the Roman numeral

~

of the instructor's guide.

S -- the "S" signifies that the page is from the Student

.
yeg o,
i “~

g ' .
) /% Material, ¢ ' ‘
’ 5%-- the Arabic number reflects the specific page within

this manual, ,numbered gequentially throughout,

ix
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY .

»
! 1

_ NOTES TO THE STUDENT e -

s
*

The Student Material contained in this course is made up of

.. N . v
for the student to purchase each of these books, although they would

) a selectionlof readings from three basic books. It is not necessary

———— -~ —- be-excellent references for any solaﬁ-student. It is necesséry, ,

however, that the students have access to each of these books in order

- ’ { s
"L to get full bengfit from this course, the reddings, and the discussions.

-,

. The three books are: - ~ )

Kreider, Dr. Jan F., afd Dr. Frank Dreith, Solar Eneray Handbook,
McGraw-Hill, 1981, -

*

- Dixon, X.E., and J.D. Leslie, .Solar Energy Conversion, Pergamon
Press, 1979. A

ﬁ;ycock, Paui‘D., and Edward N. Stirewglt, Photovoltaics:
Sunlight to Electricity in One Step, Brick House Publishing Co., .
Andover, MA, 1981,

L3

. " L ad »
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNOUJ?&
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-~

Architectural, Commercial, and Industrial Power Demands .

' UNIT 1. Brief History of Energy Use : -

READING: Chapter 1, "History of Applications," of
Meinel, Aden B., and Marjorie P, Meinel,
- Applied Solar Energy: An Introduction,
Addison Wesley, 1976:

.
hd '

This selection will give the students an overtiew and an understanding
- <

2 .
of the history of solar applications throughout the world. It i§ well
-, '/

written and is accepted in the solar field as an excelleqf)representa—

e

tion of solar historical perspective. The Source is commonlyfeyailable

in a well-stocked library.’ , b

e
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNPLOGY .

Architecturai, Commerciay, and Industrial Power Demands

*5}UNIT 2. Thermal Energy Classification by Temperature Range

- . " READING: Chapter 4 ofs Daniels, Farrington, D1rect
Use Qi\the Sun's Energy, Ballantine, 1934.

L)
P

.+ .+ - Chapter 7-of: Kfeider and Kreith, Solar Energy
‘ ) . , Handbook, McGraw—H;1;:r1981 X

-

In the past ten years the public has Bbcohe 1ncrea51ngly concerned

. with the rapid depletion of and the eséalaflng cosb of both synthetlc

€

and fossil fueldr Likewise, the general public has shown concern
about the possrble envf%onmental and)safety risks ass001ated with fossil

fuels and nuclear power. Because ofithese concerns, world-wide attention

-

»  "has been focuse¢‘on the potential of ?arness1ng the sun's power to meet

society's growing energy needs.

Optimistic ?r0ponents of solar energy predict by the year 2000,
as much as 20% of the United State's energy needs could be supplied by
?; 7 solar power. The attalnment of this goal will depend upon the cgmbined

? ‘effort of both solar industry and those adyocates found in education
who by werking together will develgp infbrmed, knowledgeable, and com-

s
?

;Z“ik petent practitioners.l i - S N-

In the area of non-residential solar applications, the solar energy

1ndustry and theﬁf‘!@search counterparts'have pla@ed great emphas1s on

L

the development of active solar energy systens whlch involve the 1n§ggra—

N
tlon of Several subsystems- solar energji!a}lectors, heat exchangers,

»
© heat ‘storage containers, fluid_transport and distribution systems, and

_control systems. The major component unique to active systefs is the .

o o ’ . ”
1., B0lar collector. °% : . oo ., v

In this unit we are going to concentrate on that solar colléctor

*
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to evaluate and make a dec;sion on which coilector to select'for a .

specific non-residential application. The student must understand the

- process for compariné perfofmgncé curves of thgg; ;pecific collectors.

Even though the performance curve is an ideal tool for comparing gimilar .
types of flat plate collectors; it cannot be used to compare flate plate
%o‘pdncentratgp bollectérs because of the desigp criteria thai Wwere used

in the evaluati{gj;;g development of those performance curves. A quality Rt
comparative evaluation also requires th;t the ent?ré systeﬁ be‘part of )
tﬁe evaluation in that similar collectors utilizé the same éomponents
wbeﬁﬁgt comes to system evaluation and, while collector and:syséem \

performance is the important parameter in the design, it is not-
ﬂ;ééésarily’thé deciding paramete;Asince, invmdst cases, the most )
effiiént collector also is the most costly. So, during the design
proqesé the {;nal evaluation must alsd>iﬁclude a payback anaiysis of
tﬁe in;esémégt. 3 S - ";

' Most manufacturers of solar collectors and solar sy;tems provide
data on the efficiencies of their equipment. Somezég-tgis information.

. is derived from measurements made fy that manufacturer. As the federal “

government and local governments become involved in the copstruction‘and

1] L4

iﬁsolation process of solar systems, we are findiqg out that the re-
quirgment for én inhepeﬁdent testing evaluation of systems is proving

‘to be very profitable. By developing specific testing proéedures that
depend oﬁ gpecifiq test conditions and evaluating éach collector in each

.systen under those same conditions, we are given a meaningful data

' ’ # .
source for the dgsigner to use as a comparative tool. v

. Various sthndards for solar cpllector performance testing and for
design and installation of solar equipment either already exist or are

beingqarafteﬁ in several countries. Working groups of the International
. . - . - / .

s \ e e |
R 14

Y. o




' X-s-7

Energy ageney (IEA) alsg are considering the p;oblem. < A single i;ter-
natioqel standard would seem desirable so thht the designer coui; com- -
pare solar equipment manufactured throughout the world. In the United
States itself, a proposed but not solely adopted by all states, standard —
for collector performance testing was published by the Nat;pnal Bureau |

|

of Standards (NBS). A modified version of that performance testing

standard was adopted by the Amggican Soclety of Heating, Refrlgeratlon,
’and A;r Conditioning Engineers (ASHRAE). This standard covers both

11qu1d and air collectors with specifications for outdoor testing and

for indoer testing with the sole} similator.

~

In grder to determine the efficiency ;;}ﬁ solar collector, the L

rate of heat transfer to the working fluid must be calculated. The
rate of heat transfer to the fluid flowing through a collectof'depends
on only the temperature of the'collector surface from which the heat is

A

trangferred by convectien to the‘fluid, the, temperature ef the fluid D
ané,tﬁe heat transfe%kcoefficiegifh;tween the collector and the fluid,

qs%ﬂaﬁmdy hes been mentioned. The results of éhermal performance test‘

for solar energy collectors ere generally presented by plotting the

efficiency as a function of th;.differénce in temperature between the

inlet to the collector and the ambiance divided by the solar flux‘in;

cident on that collector. '

In order for the student to have a, firm grasp of these concepts-and

to be able to progress through the, remainder of this course,,please

refer to Kfeider and Kreith, The Solar Energy Handbook, Chapter 7,4
"Non—ancentrating Solar Thermal Collectoxs”. This knowledge will be

needed as the various types and forms of non-residential solar applica-

’tlons and future technologles aré discussed.

. . . )
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Agricultural Applications

OVERVIEW

k?éf“centuries farmers have dried their crops in the sun, and their >

greenhouses have been partially heated by solar heat. Recently, agri®

culture, because of the rising cost in fossil fuels, has been developing.

new applications for the use of solar energy in the areas of- animal
- /7
shelt?rs,‘crop drying and curing, pumping of water, and biomass con-

| ~

versién.

P

fhe temperature level of operatikéf for agricultural processes

varies, depending on the type of crop or the process being used.

In th concept of animal shleters, .oom temperature, which could be

" easily developed by passive solar sources, depends upon the type of

livestock being housed. When it comes to food processing and drying,

<\\there are indeed some very specific levels but all attainable by the 3

pplication of solar energy. ‘These could be sun-drying (temperatures

' _up to '5Q°C)3 solar drying (fomperatures up to 400°C); poultry and '

-

livestock food processing (temperatures between 50 and 80 C); produce

sterilization in canning (temperatures of 110°C to 120%C); cotton

processing (temperatures of 100°C to 18009); and even milk pasteur-

ization (temperatures of 63°C to 72°C). Therefore, agriculture appli-.

catione can indeed utilize solar energy as a source of thermal energy.




{i}atural conditioning effects of the sun, wind, and wafer to kbep

taes

J’4

. . " : ’ ,\"' x_s__ij’

NON-RESIDENTIAL APPLIGATIONS AND FUTURE TECHNOLOGY

Agricultural ‘Applications : ’ .
/
UNIT 1. Livestock Shelters '
The most economic approach %e heating and even cooling of‘live~

stock shelters is to do it as simply as possible using existing

materials and technology and letting nature do maqst ‘of the work.

Past civilizations .involved various forms of architecture that used
nvironmental spaces cgmfortable. Different cdimates have produced
traditional aréhitecturaltaﬁd‘construction styles that are tailored

to local conditions. Compact masses for hot aired regions with cold,
harsh winters, and double roofs in the desert areas where abundant sun-
shine~exists, plus wind for convective cooling have proven productive.

The direct solar approach has major advantages including simplicity,

\uim,r*'

low cost, reliability, and durability. The ideally shaped stricture

1_WOuld gain 2 maximum arount of solar energy in the winter and lose a T »

4

minimum amount of heat, Then during the summer it would do the opposite.
Gonputer simulated studies indicate that for a structure located at

40 north on a flat, open, unshaded site,-the minimum solar heat gaein \ .
N

'in the summer will be for a rectagular structure with a long dimension

'?iranging from one, to one and one-half times the short dimension and with
< //"

. & ‘longer axis in $he' eastfwest direction, That structurs, with»proper

”orientation andshelteriggand shading, can be.an ideal livestock shelter.

In planning 4he shelter, choosing the location and deciding on the

type of structure are the tWo major decisions‘to be made during the plan-

ning phase. The choice of location will be affected by the orientation,

ahading, wind shelter\and need for drainage or levea:ing“and the

1

-
1\8 - . —_——
g .
'
. . .
. . . .
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" accessibility of various other sites, local pasture, exercise areas,

and acceptability to transportation in and out, The choice of type

will be affected by what you can afford, whether you intend to buy .
a prefabricated model or build one youself, and, 6f" course, the

_temperature and environmental requirements of the livestock to be

RV 4
-~ o

. sheltered in that structure, ) y , ‘ ;

STUDENT EXERCISE:

1. In the Instructor's Guide, there are some laboratory exercises
designed to help the student understand the design and function of
lovestock shelters and the potential for solar use with them. Students

. s shoyld be giVen these laboratory exercises at this time.
o, 2 Takeia Tield rip to a fam or anch and observe the heating

reqpirements of the, livestock shelters. Discuss and/or design a solar

application to assist~W1th this heating activzty.
3 Make a report onxliVestock shelter requirements.in your area.
Identify the heating and/or coaling activities associated with them.

Consider the possibility of adding solar to offset these requirements.

.

A ",,»‘,

. - 1
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. NON-RESIDENTIAL APPLICATIONS AND FUTURE ‘TECHNOLOGY

Agricultural Applications : a

*  UNIT 2. Crop Drying

The utilization of solar energy in the crop drying process can

-be Sub-divided into tWo general categories: first, the drying of

grainsq and second, the drying of high moisture crops. Grains have a
a low moisture content, around 20% to 30% at time of harvest. For them,

the drying process lowers that moisture content to a 12% to 14% level for

ideal storage without hiological degradation. Moist crops, like fruit

require the drawing of high moisture contents, normally above 50%. The

moisture level for the moist crop depends upon the end use of that . v oL \\

crop.' If the crop is to .be sold for human consumption, the mOisture

AN
- content during drying is at a moderate level, depending upon the crop..

If the same crop is to be used as a feed-product for animal production,

then the moisture content is much less. 4

The modern day role of solar energy in crop drying has not changed

) sinoe the earliest farmers. Moisture is removed‘fromdﬁhe‘crop by warmed

v.

air across the surface of that crop. Solar enérgy 1, used to increase '

. the temperature of that warmed air stream and in some cases produce

the movement in the stream through a form of solar siphoning. The single

ma jor problem with crop drying is that either heat must be maintained at

a specific low temperature or at a very high temperature. Any fluctua~

tion in betwéén those two temperatures accelerates spoilage. Therefore,

in considering the design of a crop dryer, the student must undeyrstand

the crop to be dried, the ideal temperature of equilibrium vapor

pressure, and its 8poilage temperatures, to make a qualified evaluation

J

of a design..
la/\ ’




4‘—

READ: Dixon, A.J. a.nd ¥.D., Leslie, Agricultural and Other Low-

. Temp;rature Applications of Solar Enengy. Pergamon Press, 1979

+

SUMMARY OF: Chapter 183

One of the oldest uses of eolar onergy since the dawn of civiliza- -
tion has been the ¥Wrying.and preservation of agricultural surpluseo.
The methods used are simple and often crude but reasonally effective,
Basically crops are spread on the ground or platforms often with no

pre-treatment and are turned regularly until sufficiently dried so

~ r

that, they can be stored for later consumption. Little capital is re- .

quired of equipment but the\process is labor-intensive, °

There are several technical problenms, howover. with #his basic _7\

drying process. They are: de

cloudiness ,
. insect infestation

high levels of dust and atmoa@heric pollytion
--. intrusion from animals and man.

The chapter contjnues by discussing the tochnical,characteristics }

of solar agricultural dryers and then the gblar dryer classificationst

-~ passive’ systems .- v N .
-- sun or natural dryers T ’ .
-- golar dryers-~direct .
-~ golar dryers--indirect :
-~ Solar lumber dryers e .
-- chamber dryers L~

_-- rack or tray dryers . ’ )
-- hybrid systems.,

The chapter continues by describing several types of solar dryefs:
-~ dryifig of grapes on racks_ ’
" -- golar cabinet dryer )
--‘'gee~gay dryer - . L
» . == glass roof solar dryer i
" == golar frult and vegetable dryer
.-~ solar wind ventilated dryer '
- golar supplemental heat drying bin (Sbmiindustrial type)
- large-sca%§~§olar agricultural dryer (Barbados)
-~ golar timber seasoning kiln.

~

-

¢




NON-REBIDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY . N
Agricultural Applioations .

UNIT 3. Greenhouses

As early a$ the fifth century B.C., records show the Greeks’were . -

describing the gardens of Adonis, usual locdtions where exotic plants

v

flourished.‘?lato once wrote, "A grain of seedror a branch of a tree -
placed in these gardens acquires in eight days the development which can
only be obtained in as many months in the open:" Even %hough we have -
no graphic record that these gardens were not in phe open alr, we cannot
tell whether they were actually enclosed greenhouses_or merely\sheltered
gardens. The first written record of the greenhonse per se was during
" the first century A.D, where we findsthe'Romans-were growing, fruits
and vegetables in very simple greenhouses which we now call coldframes. L.

The Romans generally used thin sheets of talc or mica to cover their o .

coldframes, It is recorded that Caesar was ordered by/his doctor to
eat cucumbers and, assigning his gardener the chore, his gardener managed
to produce cucumbers every day of the year, using a large'coldframe and . .
" the cucumbers in a biomass mixture of soil angd decomposing manure, | |
These -coldframes were moved inside at-night to be kept warm during the
'i /fﬂ ’ evening hours. . - ' r. . |
. From that first century A.D. date, to the late iéth and 17th '
;;‘ L ' centuries during the Middle Ages, greenhouses appear to have been
virtually unknown. During the 16th century, Buropean traders and ex-
plorers began to bring baok exotic plants that could not survive in the

'typioal European climate. PFor the botanist to look after these . rare }é o

“and delioate specimens, a special type of botanical garden was developed

1first in Italy and then in Holland and Bngland. John EVelyn, a 17th .

* v .
- . o

y . P
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century British diarist who wrote botanioal tracts was supposed toihave
coined th? wor& "greenhouse" and invented one of the first hot air
heating‘systems to be installed in the greenhouse. Then during the late
17th century on into the 18th century, we began to develop concepts £hét !
dealt with prime factor angles for healthy growing plants. Sloped i
e giass was introduced into the greenhouse s}ructure by the Dutch. The .
19th century brought new inventions and improvements: the technology of y
’jbuildiﬁg and managing greenhouses. x
By the turn of the 20th century, the large geenhouse conservatory
was growing out of fashion. Domestic greenhouses began to dwindle but
the commercial applications of greenhousing Beﬁan to expand. Commercial

greenhouses covered acres ofjland, producing tons of tomatoes and

3

-

cucumbers and lettuce for the wiﬁter marketplace, This commercial
,;pplication pﬁsggdlgréenhouse technology in mew directions, Ideal
.he‘a.ting. humidifying, watering, and f;rtilizing all develo@éd new
innévatiée teohniques. Theh, in the eariy 70's, the increasing cost ' s

3 " of fuel encouragéa work on'leés energy ?ons;ming greenhouses:. The

| his;ory thgp of greenhouses seems to have completed a full cirole,

g Most domestic greenhouses today ére‘fairly qmail, simpie structures,

designed tp capture the sun's warmth so that fruits and vegetables apd
- fiowers can be grown oﬁt of season. 1In designing a commercial application
» greenhouse, the choosing of the location and the type of building are

. ‘f the two mejor decisions to be made in the initial planning. .The

qhbice of location will be affected by the orientation, the shading, the
' wind shelter, the need for drainage or leveling, and the accessibility of
various gités that are local to fhe greenhouse for storage, for movenment

of produce in and out. The choice type will also be affected by the N

’

P © 23




RN a - o X-s-19 .

A - !

-
~
-

expense, whether it is intended to buy a prefabricated nodel to build a
’ strUcture from scratch. And, of course, the requirements of ehe plants
-“that will be»grown'in the st'ructure.
The main aim in‘sighting a greenhouse for general use is to maxi-
‘mize the light, particularly during the winter months. The building '
nust be able to temper the extremes of climate and maintain suitable

conditions for plants without relying upon too much non-renewable

energy. Squthwest facing’greenhouses receive maximum exposure to
(21

direct sunshine at the tiMe of day when the outside air temperature

is also the hottest. This mid-afternoon time period, when the sun is

~ low with maximum intensity it usuallx';hen the gregnhouse is already ;
to an operational temperature; thus, increasing the temperature within
'the greenhouse, On the other hand, a southeast exposure is more l T
beneficial because the plants get the boost of the early morning sun- '
Iight and thewarmth early in the day when the.air temperszure in their
environment is normally  lower. )
Whatever the orientation of the éreenhouseLa general conclusion .

_is that most greenhouses overheat during the summer months unless they

are partielly%ghaded. Greenhouse shading can either be architecturally .
- N\L ' ’

through the use of shades, shudders,- insulation systems, and even over-

(// hangs, or can be natural by the use of trees. Deciduous trees which

4 ~
N

convéniently lose their leaves during the winter, tend to be the best
'shading'trees for use around the gr&gﬁhouse. Those trees can also
,provide useful wipd breaks which reduce the heat loss "from fthe greenhouse .

LY

during the winter and in turn decrease the energy consumption from non-

renewahle energy sources. The‘average heat loss through glass increases

A}

i - VoL ~ . )
by as muoh as 50% wi(en. wind blows acrosé it. This is because a major :

H

»
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factor in the rate of heat loss i§ the speed. of the air moving across

the surface of the glass. It would thus be advantageous in choesihg a

site for a greenhouse that is not only exposed to adequate sunlight ‘but

also could be sheltered from the winds by either natural wind barriers ~
or by trees and hedges. ,The tree or the hedge form the best kind of

wind break since they” absorb the force of the wind within their branches, )

4 where fixed or solid breaks such as ‘fences or natural bluffs tend merely
- . -~
to deflect the wind causing it to gust and sgmetimes to’ increase in J)

force‘o 3 . ; o

A complete souce of greenhouse information would be The Complete .

Greenhouse Book by Peter Clegg and Derry Watkins. It is a Gardenwvay

of{ the current 20th century greenhouses, ‘Tt would be a very good re-




-

greenhouses are, discussed 'in relation to a variety of climatic con-

-continuous production. Some examples of éxisting.greenhouses in €te

3 i
READ: Sayigh, A.A M, "Greenhouses in Hot Climate", College of

. Engineering, University of Riyadh, Riyagh, ‘Saudi Arabia, in
Solar Energy Conversion, by A.E. Dixon and J.D. Leslie,

"Pergamon Press, 1979, Chapter 43, ( 1F* .

-

L

SQMMARX,OF} "Greenhouses in Hot Climates",

Se—

Various systems based on environmental control are.discussed. Thee

use of sheltar--natural or~artificial. selective shelter and eppcial‘>

ditions, The use of passive?cooling coupled with the Ruthner prinpiple
are studied, particularly with regard to their fdture roIe in agricultural

neighborhood|of Riyadn/are discussed. Several unusual designs of green—

houses. such as those developed by Brace Research Institute and Polysolar
Company, are fully discussed.$.In the concluding remarks, several N

recommendations are mentioned and all systems are compared with each ’

other. - R AR « o
, %
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<—7; N .READ: Brundrett B, "Solar Greenhouse Design Gon51deratlons for

" CGold Gllmates", Department’ of Mechanical Englneerlng,

Unlver81ty of‘Waterloo, ¥Waterloq, Ontario, Canada, in

Solar Energy.- Gonversion by A E. Dixon and J.D. Les11e,
“Pergamon Press, 1979

L3

‘SUMMARY OF: “Solar' Greenhouse Deslgn Cg\sgderatlons for Gold
- - . Clllnates" .. . “ . 3

F N ., v . % R . N [y ,’ ':;;

The Hrlter 8 attentlon was returned to the need for solar energy

-~

design in Ontarlo greenhouses by thd energy crisis of 1973—74 and the

subsequent rapid increase of fossll fuel costs for tradltlonal green-—
. house heatink systems.t In Ontarlo the cost of fuel for tomato crops
1;‘has increased from'lo% of annual operating costs to a.current level of

" ho%, fqr tradltional cultlvatlon pract1ce. Manﬁk\fforts‘haVe been

i .

made to reduce the_ dependancy upon fossil fuels while retalnlng a

,'~ Vlahle greenhouse 1ndustry, 1nclud1ng shut down during the coldest

1

-

ulnter months, reduced growrng temperatures, and reductlon of heat

loss by good maintenance and’an some 1nstances the appllcatlon of light
C e

= welght lnsulatlon curtaans. However not all of these measures have

been cos ffectlve. Often reduced temperatures have ad to crop

[N ‘n -

IS

‘:: reductlo ar'1n excess of the fuel sav1ngs, whrle w1nter shut down

tendS»to place Ontarlo vegetable greenhouse operators in the same
ik .
market perlod as fleld crops grown in Florlda Mexlco and Callfornla.
s

‘ f;i EVen with the meaéﬁres adopted to date the energy problem remains

« o

3 ;,crztical for;tradtional Vegetable greenhouse operators: It is well to

,»Lrecognzze that the current practlce requlres h8 - 96 l/m -yr, (1- 2 Imp

f':“,sGaIlons/ft -yr), of fuel, based upon growing temperatures of 16°c (62 F),

qurrent“single pane glasshouse constructlon, and current heatlng plant

a—

:; efficiencles. It is also necessary to recognlze that 3he current vege—

table greenhouse 1ndustry in Ontarlo uses up to ten times the fuel per

. . -, . .
a.t . R S, 4 .t * )
. - , . .
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Kllogram of tomato produced, as that requrred to field grow and truek

a comparable welght of tomatoes from Mexico or California. The ratio

is more unfavorable when the comparlson is made with Florlda field -

-

gfbwn tomatoes. - ) ,
?

Thus it is more than evident that the hlgh energy demands of the

" . Ontatrio Vegetable greenhouse lndustry muét be solved. 'In a recent

' greenhouSe energy study by the author and colleagues for the Ontario
Mlnlstry of Agriculture and Food, and the Ontarlo Ministry of Energy

it wag‘noted that the energy solutlon.must be found in three.gﬁﬁéral

areas., Elrst 1n view of the cold winter climate of all of Ontario . '
it is nedesgary to explore means of providing effective mightime ° .

> ¢ e “H__,./"'
1nsu1atlon. Second it is necessary to 1ncrease and then to maintain PR

¢ i ]
i

) @ hlgher thermal eff1c1ency for the whole greenhou5e operation, 1nclud1ng, 1 /
thermal pIant eff101ency, heating plpe insulation, and waste' heat $\\\ '.
recovery, 1nclud1ng that found in ventllatlon air, Third dt is. s
des1rable, where economlcally and, structurally practlcal to 1ncorporate ) <\

paSSlVe and act1Ve solar storage systems w1th1n current greenhouses,

Flnally solar storage systems a§e¢recommended for new greenhouses.

-
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY

~

Agricultural Applications s

JUNIT 4. Distillation
1 |
The solar distillation process, like many fgrmé of solar energy
collection, is not new to the 20th century.. In 1551, we see the
Arabie nations utilizing stills for the production of drinking water,

In 1589, we begin to see the first historical desalination of salt water.

From there the same activities of distillation were used in the dlstllla- *

tion of herbs., In 1742, an Ttalian published the first specific
reference for the use of solar in the dietil;etion of salt water.
Then, as in the,brogreseion of the history of many other selaﬁ,devices,
not until the 1éte‘1800’s, 1900’8, and into the 20th century do we see

-4
the application of the soalr dlstlllaélon of water comlng into prominent

uSe. In the early 1900’8 in Las Sallnas, ‘Chile, a grekn-roof type Solar
still was produced in’order to supply f:esh water for growing of'crops(
apd foi.t@e community.} In t@e early 1290:5 very feﬁ £eports of solar:
lsti;;s were published. In the decade foilowing World War,I, increased,
’_‘intéfésﬁ”ﬁas renewed in tﬁé process of solar disfi@Iation. ”

The eimplest type pf distillation éystem is consi&ered the single-
l‘effecﬁ system. In the single-effect system, the heat, of vaporization
tié‘ﬁet'reeoveredAand therefore ﬁexipum energy Is being consuned for the
y%pb:ization of waﬁeé. In a~mﬁitiple-effec§ system, some of the heat
'Bf'@eﬁb%ization»is recovered, requiring less. energy per gram of water
-ﬁroduced The dlstlllation of water does not imply boiling in the

‘1011nlcal Sense. The process that occurs is,’ *in the presence of a cold

~'sq;£ace water, evaporated from the' surface of a warm water source and

o




‘o . . .

condenses -on tha.t cold surface. The simplest water disfilla.tion system ‘

v

therefore) consists of a shallow pool of water in some sort of en-

-

closure, hav1ng a transparent cover, Thrs transparent cover, being

expoged to the enVironment, will be coeoler than the air inside of this

-

——

enciosure, The yater will be even warmer than the epclosed air. The
vapor pressure of water: will\tend to saturate the.arr within thrs
\enclosure at equilibrium to theuggter temperature. The transparent
cover will tend to limit the saturation of air to be ppropriate.or
eqﬁal to the temperature of that'surface. The result.is the net
‘transfer of water from the hot water to.the cool window, in turn, a

full distillation process. , -

A® we see the demand on potable water increasing in large populace
areas, We see the increased ﬁossibility of solar desalination processes

becoming more and more reality.

The major component parts of the solar still are: transparent
cover, the evaporator liner, the solar still frame; sealants, insulation,
and the auxiliaries, such as piping, .plumbing, and reservoirs. ,The

'overall specrfications of a solar still contain a few basic requirements

-

,that can be considered to be common. The first one is: the still must .

.

hereasily assembled in the field. The second criteria should be that }

the st111 be. constructed to,materials imported to the region that are

packagable so that transportation costs will not be excessive. ‘The A

;design characteristics should provide for a 11ght-weight design for the
“, ease of handlrng in shipping« The design process should have considered’,
that .the effect of . life with minimumgnormal maintenance should be ten

7 to twenty years to be a cost effective still, Becapse of the configuga~

' tion, the still must have access ports for the ease of maintenande. The

D ; . i Lo , :
; ' 3() ’
- b tat M
tos 0 ~ A4
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' ;'still shouid no%~require or depend upon any form of external‘power.

: E;SOurces. The’ideal design would insure that the still would serve

| JaEVa rainfailccatchment surface along with beiné a.solax still,

vThe éesign should also be ab}e to withstanq the effects of severe -
storms,  both wind, rain, and hale, * Last, as 2 general specification,

the st111 must be’ manufactuzed of materlals which Hlll not contaminate

hthe collected rain water or distillant. During the design process, it ¢

must be continuously stressed that the solar stil} constitutes ‘the

water supply system fon the community served and hence must be non-
Ve .

toxic in every respect td‘the fresh water prodﬁced.
- : ) 4 .
~ The first component of the solar still would be the transparent
cover, This cover serves ‘to cover the d1st111atlon segment and transmit

Vsolar radiation to the 1nterlor. The next components would .be the

" evaporator liner. The evaporator or basin liner serves as the ab-

sorbing surface of solar radiation as well as a containep'fOr*the

saline wafen; The materials used for this purpose whould have the

foiIOWihg pnoperties or chavacteristics: it must be impervious to water,
.must have solar absorptloné along the lines.of a 95, should be fairly
',’smooth to discqurage the dep051t1ng of scale, should not deteriorate ox

decompOse on contact with normal s01ls, the materils must w1thstand the
ieffect of’contlnuous emers1on in hot saline water, and the last being |
::the bas1n liner should not emit any gases or vapors which wouid taint the
- 'taste of the fresh water distillant, - ‘ ' . ¢

A

The solar stzll frame is the third solar still component. The.

-

" ‘frame refers o the materials which are used to form the frames of the

- eVaporators. Any materials used in this fashion should bé' resistant to

’

attack from; the saline water or atmosphere.

9.' ép#
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The‘hext components are sealants. These &re the materials used
 to s€alr transparent cover materials'to one another as well as td’other ,
) ‘l,conpdnents of the the distillers. Tt also includes enyrmembers used
* to support the supexr structure of the distillation units aé they will
“ hawe 1nvar1ab1y come 1n contact with the‘tranSparent cover. Following
1n_the lrst Somponents is insulation. The insulation used in the solar
'disti;lation is used beneath the seasater eviporator basins in order to .
reduce ground heit loss. The-materials used for this purpose require )
the-follwing properties: they must be light weight and structurally
self-supportlng, waterproof and baslcally water 1mpermeable, should

A

+ insulate the edges as well as the base of the evaporator, and withsatnd

‘ temperatures up to 80°C. - ' T . ' ;
The last component would be the aux111ar1es, p1p1ng3 pumping,

and réserv01rs. These auxiliaries include all fluld systems: gutters

for ralnfall condensates, callection, piping for feed and rainlines,

,and reservoirs for the saline and fresh water.. '

Addltlonally, 1nformation and other agrlcultural and low tempera- '

ture applzcatlons can be found in The Solar Energy Handbook by Krelder

and.Kreith Chapt » "Agricultural. and Other Low Temperature Appll— :‘?

.cations of Sole7rﬁnergy". Along wlth solar dlstlllatron, evauation systbms, :' :

:, 51zing systems, gnd processes for estimatlng system, they also expand -




Lawand T.A., "Agrlcultural and Other LoWhTemperature
Applications of Solar Energy", Brace Research Institute,
" Montreal, Quebec, in Solar Energy Handbook by Kreider
) and.Kreith McGraw-Hill, 1981, Chapter i8. -

. . - T

SUMMARY OF: "Agricultural and Other Low—Temperature
¢ Applications of Solar Energy" i

-

Intermedlate-technology solar systems use 51mple fabrications
~

) methods, ¢an be bullt on 51te from nonfabricated components, usually
have low unit cost, and Qperate at temperatures below 100°C, "As such

. & L.
\ they find wide application in the developing world or by the do-it-

. yourself worker. - Since the devices are of simple design, no detailed

englneerlng analys1s is requlred. The basic principles of heat trans-'

i

. fer and solar radiation can be used to estimate performance.

Thls chapter discusses three 1ntermed1ate-technology systems—-
solardlstlllatlon, solar cooklng, and solar crop drylng Ba51c

: ; des;gn guldellnes and illustrations are prov1ded but detailed theories

3are not deVeloped.’ A lengthy bibliography is given for additional

;gstudy; . S ’ ' by
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NON—RESIDENTIAL APPLICATIONS-AND FUTURE TEGHNOLOGY
Agrlcultural Applicatlons t‘

.- '-v" F ~ - ‘: . - " *,
-~ UNIT 5. Irrigation oo

- .-

READ Bahadorb, M.N., “Solar Water Pumplng" Department of Mechanical
. Engineering, Pahlavi Unlverslty, Shiraz, Iran, in Solar .
" Energy Conversion by A.E. Dixon m#d J. D Leslie, Pergamon,
Press, 1979, Chapter 45. / :

/
‘SUMMARY OF: "Solar Wat;r Pumping" ) /

. /

° ’ !
‘ The principles of solar water pumping are briefly described.. "The .

mechanical energy needs for pumplng water may be produced by thermo-

_‘dynamlc--or dlrect—converslon.methdds. In thermodynamic conversion a

i fluld,ﬂ1th high 1nterna1 energy is produced in solar collectors or con- ..

’-oentrators. The internal enérgy of the fluid may be utilized in

ﬁaﬁkine—fiﬁraytoh-, or Stirling—cycles'or in specially designed devices.

-:The nature of 1rr1gat10n in the arid reglons calls for scattered

‘ 9“Water'pumplng statlons, hence small soXar pumps. These pumps nay be

’:-mass produced and’ delivered to the slte. .

The direct converslon includes photovoltaic, thermoelectirc and

~

therﬁionic‘processes.. With the current prices of solar cells photo- 4

I fivoltalc water pumplng seems to be economlcally competitive with the

W

current solar Ranklne-cycle system 1h the power ranges of below 5 Kw, .

especzally when both systems have to be 1mpqrted by a developlng country. '

(¥
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3
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i NUU-RESIDENTIAL APPLICATIONS AND FUTURE TECHROLOGY
S ' ~.  Commercial Applications
. ) . - «'l% . »
., .UNIT 1.  General Applications
PN '

o Commercial solar thermal énxrgy applications are based upon their
use, such as hot water, steam, space heating and space cooling, To
properly analyze the needs of the commerc1a1 applications, ssome form
ofanalysis must be completed. A variety of analysis methods exist
for the design and study offsoiar heating and cooling systemsl’ These

. methods range from computer simulation to programs’for hand-held

calculators.. The following brief descr1ptlon of the more common.

methods now in use were derived from a recent publlcatlon “from the
4 .

>

Solar Energy ‘Research Instltute.

1. BLAST (building load analysis system, thermal dynamics) --
simélar to DOEfi,’BLAST is a heating and cooling loads calculation
program which:performs hour by hour thermal balances and has a capability
-of simulating solar systems. It is'intended for the use in’ the heatdng,

“’ventilating, and air conditioning industry. Contact: Doug Hittle, U.S.
Army Construction Engineering, Research Laboratory, P.0. Box 4003, ‘

¢ .

Chanpalgn, IL 61820 e C B ) T

o
2. DEROB (dynamlc energy responses of buildings) -- DEROB is an
/' hourly load s1mulatlon program whlch was deyeloped by the architectural

department at the Unlverslty of Texas and is aimed at pass1Vely heating

. 1

o ; homes. The program presently is belng tested throughout simulation

) runs. Contact- Franclsco Arumi or David Northrup, University of Texas.
) at Austln, Department of Architecture, Austln, ™ 78712 .
3 DOE—i (Formerly known. as the CAL-ERDA) -~ DOE-1 hes been a

l"i;; ' JOlnt development effort ‘of the Lawrence Burkley Laboratory, Los Alamos
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. CO 80401, A ver51on for programmable calcul

: e . y .- ";; ) - - ) O

9

has been funded by the Department of Energy. DOI-1 provides HVAC

. N S % '
load analysis compatibility as well as total energy system analysis
compatlblllt&__ It is mtended to be used pr:.marily by HVAC engineers

an% architects. Contact? Fredrlck Winkelmann, Lawrence Burkley

' Laboratory, One Cyclatron Road,” Burkley, California 94720.

£ 4
4. F—Chart -~ The f-chart gs a s1mplif1ed solar system design'

technique developed by the Univer51ty of Wiscon51n Solar Laboratory.
F-chart is an interactive program to which the usersl supply s:.mﬂle
answers to 46 building questions. - Weatlhier data alsi are built ip%

A1l f-chart versions are on the TRNSYS program. F-chart version

3 is avallgble through SERI &t the cost of $100 00 for'the tape or

$150 00 for the cards. Contact: F—chart, Marke 1ng'Development

] Branch Solar Energy Research Institute, 1536 Cple Blvd., Golden,

4

ors is available for

. $150.00. Contactt Sandy Klein, F—chart, P.,. "Box 5562 Madison, WI 53705.

!

| HISPER is an hourly 8

5. HISPER (High Speed Performance) -

load siﬁulation.program‘used at the NASA Marshall Space Flight Center

. TRNSYS rogram. The r0 am 1s avall le but has llmited documentation.
’ P gr ) D gr -] Jocumen

/

,Contact W A. Brooksbank, Building oni Systems Development Office FA31.

' The Natlonal Aeronotics and. Space Administration, George c. Marshall

(23 .

' ’Space Flight Center, AL 35812

6; HUD-RSYP,{HUD Re51dent1al Solar Visibility Performance) -

~

' The HUD-RSVP is a prp am to analyze thermal Qerformance, economics, and

Y

‘ financing of resid7 ial active solar systems. The thermal performance

/ .- ‘ »

sector is based offthe f-chart method and includes weather data for 172

> -
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" Scientific Laboratory, and Arigorne Natioral Laboratory."The progran '
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' accumul cltles., Contact: Dr. Frank Welnsteln, Natlonal Solar

- 20350, \ S a ..

. use in programmable ealculators._ It cglculates through the f-chart

E »Inc., Solar Group, 1010 VermOnt Ave., N. W., Washingtony D.C. 20005,

. X-8 -5-37 ) -

. ) i
....7:... " # . ~
. - N .

Heatlng and Coollng Informatlon Center, 'P.0. Box 1607, Rockville, MD -

-

7 SKOTCH - SKOTCH is a package of solﬁr software programs for

L«

method, the fraction of the heaplng load supplled by solar energy. ,

Contdct:s Bob McClintock,'SKOTCH Programs, P.O. Box 430734, Miami, FL -~ .

Ty

33108, ) ) ‘ L ~

o 13 3
8., ~ SEEG I-v (Solar Environmental Enginéering Company I-V) --
-

SEEC I-v is 'a package of 5 programs for use in programmable calculators.'

o -

Ee

It can prov1de heat load analysis, coIlector optlmlzlng, heat exchanger 1

slzlng, and econoﬁzchanalysls. Contact- Solar Env1ronmental Englneerlng .

Company, P.0. Bbx 1914 Ft. Collms’ co 80522, _ : R
Q. SES?ZO-- SESOP is an hourly slmulatlon program for solar .

_Space heatlng and eoollng in process heat appllcSﬂions. Weather date

must be sgpplled externally. Output 1nc1udes detalled therqal analysls

and llfe-cycle cost. Contact: Henry T. Crenshaw, Lockheed Space and | -

Elec%ronlcs, 1816 Space Park D]rve, Houston, X 77062,

' 105' SOLCOST -- SOLCOST, developed by Martln Marrletta Corporatlon,'

1s a program based on the hourly s1mulatlon of an average day per month. ,

It handles flat plate and tracklng collectors as well as various thermaf
IOad modules. A Verslod of the program has been limited to passive
deslgn capabllity. ‘Thefe is a serﬁice center set up to provide.basic

reS1dent1al system sizing at a pr1ce of $35 00 or program may be obthined

”", at a nomlnal cost, Contact: SOLCOST Internatlonal Business Services,

et &
,‘Liie: SOLOPT - SOLOPT performs life-cycle economic and.hourly
GURER T & { K

PR . . .
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ST >. therma.l analys:.s on sola,r spa.ce heating a.nd domestlc hot water systems.

General weather data statlstics are requ:.red as 1nput for’..com'puter

s

generatlon of an hour 'by hour weathér data to perform "the analysis,

\

Contacts Dr. Larry 0. Degelman, Departmen#'of Architect'ure, Texas A & M

- . . —

Univers:.ty, College Station, TX ?781&3 .. T ‘ "

™ s

12:' SOLTES (Smuiatlon o:t‘ Largs Thermal Energy 'Systems) -

-4

SOLTES is an hourly simulat:l.on program developed 'by Sand:.a La'borator:.es. )
¥ with major emphas1s on. total power systems 1n process heat.. "*he program

.
also ig’ capa'ble of. sgulatlng acta.ve solar heailng a:na. cooling systems.

Contact- SOLTES, M. E. Feweli Div:.slon 1262 ) ~Sand1a La'boratorn.es, .

Al'buquerque, NM 8?11 e ' . :

s ¥

' "13; SYROL =- An hourly smulatlon program for solar space heatlrfg

- _.,\ . ”
oo 7, -
'

] ." ’. ' a:nd cbollng and domestic hot water specific to 6co rc:.al 'bulldlngs A
N . usmg unltary heat pumps. Prov:.slons for the detdiled ﬁéaﬁi:: load . ~’
“‘ module haVe been incorperated. The progra.m is ava11a'b1e but has limited
a .,'docJumentat:.on. Contact: D. Manas Ucar, Mecham.cal Engn.neermg Depart- o
"”ment, Gollege of Engmeermg, Syrao'use Unlverslty, Syracuse, NY 13210.
L . TEANE{I' (Total E?ncironmental Actn.on' Netwerk) + TEANET is'a
s thermal network program for smulating pa.ssrve building performance
4 ‘ us:.ng a progra,mmable calculator. ~ TEANET calculates and prmts the .
i \"* tempera.tures in each network mode_[cﬁ an hourly ba,s:(.s as well as the
D auxiln.a.ry energy co sumptz.on. The prevgranm are deslgned to be used by
a.rchi.tects and engineers. Contact- TEANET Total’ Envn.tonmmtal ‘ N
Actlon, Inc. y Ghurchmll, Harrisvmlle, NH 031#50

15- P TRNSYS ~- The TRNSYS progran is used for Slm\gz‘[?xg -

dynam:Lc 'behavior of a vari’ety of 1nner-connected components which

form; a solar ;{VA(_}isystem. The program solves the mathematlcal energy
L L V. B ' v . "\_/
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o balance eguatlon for the component model to arrlve at a detalled opera~

*

tron_characterlstgc of the system. The program nas developed by the ‘ B
\ - . " . B

Unlver51ty of’Uascon51n Solar Energy Laboratory. Gontact:, Warren

”“*——*——Buckles, HnIversify"df"W*sconSIn, S“Iar Ehergy Laﬂbratory, 1500 Johnson

g "' ~

-

:erive, Madlson, Wi 53706 S Lt : -
) The ba31c burldlng block of any solar thermal eénergy system, ¢

u;’;‘ - -

‘commerclal appllcathn, is the collector and tnerefore the most signi- ) ‘

e :fzcant part of the deslgn of the solar process heat system is concerned

' :”w1th the collector selectlon and s121ng. Among the maJor variables
1a£%ect1ng the cht}ce.of collector are: the requlred amount of process

; energy, the process energy demand pattern, required process temperatures,
: "avallable solar energy, collector performance, and 1nstalled collector
{2151: cost. The general procedure for evaluating varlous collectors and — e
?;}‘:xcoliectmrsystems for spec1f1c appllcatlons would be to flrst conceptual—

1ze<the solar system. To conceptuallze the solar system, dev1se a

»\

!ﬁon schematlc for the systen SlMllar t!’fhose shown in commercial ¢

P el

agplicataons and commerc1a1 advertlsenents. IWaluate collected data
Qn the'proceSSes to whlch the solar thermal energy is to be applied,

deterM1ne loads, load patterns, and mlnlmum and naximun temperatures.,
Uslng solar radlatlon table, determlne avallablesolarzmdlatlon relevant
v I

o ﬁ’*ambaant temperatures fbr the locatlon of. the deslgn system. Ut11121ng

,,/

the commerclal collector manufactured data or other approved methods,

*‘ flnd the collector efflclency——that 1s the relatlonshlp between temp—

& llerature end minus temperature amblent. Wlth the collected data, develop

a.model whlch,allows the system performance to be calculated. Evaluate

.,,A?,i

this model to determlne peﬁformance for different collector array sizes,

.

configurations, and orientatlons. ~Us1ng an approved economic optimizing

P
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. procedure. determme the 'best system configura:bi.on. Repea.t the afore-
S 3
mént:.oneél ogess for severa.l alternat:,ve, collectors, determinmg whlch
- ha.s the grea.test cost benef:.ts or g:wea the grea.test rate of return
. o . t
* The procedure descr:.'bed. 18 both costly and t:.me-consumlng but is
- normally carned out by. the design eng:.neer, the des:.gﬂ _engineering
: e firms,,'or the _sola.:p des:.gne:_:x for commercia.l préjects. ' :
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v " READ: . Frager, M.D., and H.5. Liers, "Solar Process Heat Systems",

;”i)?'- . InterTechnology/Solar Corporation, Warrenton, VA, in .
ST - - . Solar Energy Handbook by Dr. Jan R. Kreider and Dr. Frank . -
S 3 ‘ Kre:Lth, MoGraw-Hill, 1981, Chapter 21, '

SUMMARY OF: "Solar Process Heat Systems"

e ‘7 ) ) : R . :
The potentlal for the ‘use of solar process heat. in 1ndus;\}

appears to be s1gn1ficant‘ Industr1a1 process heat accounts for a

significant fraction of the amount of energy consumed in the United
' States, and sﬁrveys have indicated that a certain portion of this
- — <

process heat technologically could be provided hy solar thermal \

energy. )
The purpose of this article is to show how available solar technology

,' can be utlllzed in an industrial environment. Part of the purpose of

th1s artlcle is to 1ntegrate the varlous elements of solaxr systems,
Apﬂ{ , ' such as collector types, storage, radiatlon, materlaIs, and economics
with 1nformat10n so that a system designer can carry out a prelimlnary

4

' assessment of hom solar‘energy‘could be. used for a particular process
‘heat application._ More specifically, the material presented in this
o artlcle should enable hlm/her to select a system conceptual design,
:€[T 1nclud1ng coIlector type, and storage type and-slze to estimate the
‘ ~;j amount of energy provided by a solar process heat system and to perform
a rough cost estlmate. A method 1s ‘also presented for calculating the
::li{ 1 optlmal collector fleld slze ;
Flnally; conceptuallzed solar process heat system deslgns are
shown to 1llustrate some des1gn prlnciples and to point our some im-

A 13 ot

a“i?? :'w':r‘portant con81deratlons. Examples of systems are described--one ex- '

,’,;/.;: ‘ perimental system and another example based upon the information in

thls article—-to illustrate the posslble design and use of solar _process

,gliﬂ'j :: heat systems. Possible process applications are also suggested. . .

: Q . o P - . :’~ 43 . ‘n.' ’
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NON-RESIDENTIAL APPLiGATIONS AND FUTURE TEGHNOLOGY

. -

ERARESS— -

‘Industr1al Appllcatlons

23 N N

The future for the use of solar process heat in 1ndustry appears

-to-be»a reallzatlon. Today,lndustrlal process heat accounts for a

speclflcffraction of the anount of energy consumed by the United
- States. Many surveys have 1ndi¢ated that a portion of the >_process
heat«technologically could be prov1ded by solar thermal energy.
, Among the: varlous ‘sectors of the United States economy, the
. 1argbst energy user is the 1ndustr1a1 sector. During the late ﬁﬂ!ﬁ
Tit accounted for 41% of the total national energy use, compared with
about 19% of use within the residential sector, 15% use w1th1n the
‘commérclal sector, and 25% use within the transportatlon sector.

, ﬂjﬁgain, in the late 60's, wdthin the industrial sector. the total
’,industrial use of energy‘ﬂas;aoout.2.64 times 1019 joules, or equiva-
:ientEto about 25 times 1015 Btu's for all purposes. M.D. Frazier

of the InnerTechnologlcal/Solar Corporatlon suggests that the break-

. down_of total industrial use of energy should be as follows- .

o . Processed Steam * 40.6%
x ’ Electrlc“Drlve 19.2%
Eleétric Process ) 2.8%
Direct Process Heat 27.8%
Feed Stock (for
" chemicals) 8.8%

i All Other Categories 8% .
ocessed steam and direct'Srocess heat together account for

" dbout ¢ }4% of the total indiiBtrial use of energy, Through this in-

“dustridi "%reakdown it is thus clear that the greater portion of
energy'used in thé industrial sector is used in the form of thermal
energy ather than the form of electric for power. The same break-

. dowﬁ al o 1dent1f1es the significant potentlal for the use of solar

s
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: ,thermal energy in 1ndustry; however,,one of the nost 1mportant variables
- to consider gn the application of solar thermal energy processes would

. be the terminal temperature that is required for that specific process.

During‘the early 70's,,the temperature regulrements for industrial

- during the m1d-70's‘

as a’ a‘lunctlon oaa the

,process heat»in the United States have been surveyd by two studles.

. In one»of ‘the two studies, the survey was performed from. the point of

view of the process,requlrement rather than the point of view of the

current method of u51ng the heat. - Thus, the result of maJor 1nterest

was the required temperature of the process heat rather than the ) :

temperature at_which the| heat is currently being provided. The data
collegted from the study was presented in a form of cunulative’ process

heat and showed the.percent of industrial process heat that was used

process temperature required.
4 The data base for the survey conslsted of process heat data from
78 diverse 1ndustr1es as deflned'by standard industrial c1ass1f1cation

codes (SIG groups) in both. min%ggpend manufacturlng 1ndustr1es. Thls

.,data ‘base 1ncluded,proces heat appIicatlons consuming about 59% of, the

estimated total use of pr cess heat by the United States industry

-«

The results of this data developed seme particular interest areas,

. the*first being the percen “of process heat ‘heeded at terminal process

. atemperatures below the tem erature of 100°C, about 7.5%. This demand

could perhaps be provided L 1on temperature solar thermal energy systems.

- Twenty—six percent of process heat needed below the temperature of 200 ¢

. could be provided by concenfrating solar thermal energy systems., For
the remainlng 66.5% of the process heat demand could be augmented in

part by a solar thermal ene 2y system at a 1ower temperature as a preheat.

46




E thermal energy systems, the baSic bulldlng block in the 1ndustr1al

i o process heat system is the collector, and therefore is the most signi- .

o  Xe8-hy

In general, as we dlscussed about the des1gn of commercial solar

flcant part of the deslgn of a solar process heat system. Among the

* major variableés a.ffectlng Yhe choice of collectors are: reouired

_process terminal temperatures, available solar energy, collector per-

'formance, system performance, and installed systen cost. The accepted

" the design. Using the collector manufactured data find the collectbr
Review and evaluate this model.to determine performance for different
‘collector sizes, configurations, and orientation. Using an enonomic
~the same evaluation process ‘for several alternatlve collectors determlnlng

uhlch has the greatest cost benefits or gives the greatest ratio of

- .return. The 'procedure destribed for the‘evaluatron of a solar process

'”tlon firms for industrlal procéss heat proaects. Because of this cost,

amount of process energy, process energy demand patterns, required |

general procedure for.designing a solar\process heat systen is to first
conceptualize the solar system. This conceptualization would show a
AfIOW'schematic for the dolar thermal energy s&stem proposed for this
industrial process heat application. ¥rom the annual data on the
process heat systen, determine‘loads,,load patterns, and temperature
patterns negded. Using common radiation tables, determine the available

. .- B i i -—
solar radiation and relevant ambient. temperature for the location of

efficiency relationship of ‘the selected collectors. Develop a paper

nodel which will allow the system performance to be calculated. - :
" N o [ DR . \{( ..

.

¢
optlmlzing prOcedure, determlne the best system conflguratlon. Repeat

N ’ . . 4
heat s&stem is both costly and time consuming but is normally carried

out by ‘a’ deslgn engineer, by design engineering flrms, or solar app11ca—

N

17/
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‘",'often only'freliminary assessment is needed, perhaps to determine
yArﬂhether further 1nyestigatlon is warranted or if an idea should be ' E
discarded. ~In such cases, a number of slmplifying assumptions can be

. made, allowing nost of the desired information to be presented in the
:form of elther ‘charts of table. .
. Additional reading on solar process "heat systems would be N
recommended in the Solar Energy Handbook by Kreider and Kreith Chapter

- 21, entitled, "SoIar Process Heat Systems",

STUDENT EXERCISES

1. From the discussion above, produce a checklist for a field

‘trip to observe an industrial use of solar process heat.

2. Take a field trip to 1ndustrial sites in your neighborhood ) g
w;ich use industrial process heat. Examples might be laundries, |
.car washes,lbottllng companies, food processing plants. Using your ¢

',ohecklist above, design a solar energy system to fit the industrial
site visited. This is not an easyitask. Make it as detailed am

T fiassessment,as your instructer will allow.

-

B

N\

S . ©
Note: As a review of how to size a solar system, read the following
3

selection from Tapping the Sun: An ArizonaHbmepuner s Guide to Buying o

a. Solar Domestic Hot, Water System, Dr. Mary[R//Anderson and Mr. John

A, Kim'baIl Arizona Solar Energy Connission, Phoenix, AZ, 1980. It is
reprinted by permission from Ms. Pat Wing. Even thougﬁ 1t deals with

. domestic hot water system s121ng, the principles can be applied to

’,,non~res1dential applzcations as well,




Chapter VI

SDHW SYSTEM SIZING,

- . A

. In order to determine the best collector and storage tank size, one has to first find
out how much hot watek the family uses per day. Consideration should also be given
to sizing the system for the home rather than for the family. This would provide ample
hot water. supply for future ho’r‘neownei's?‘ )

“

The Hot Water Demand

In Arizona, it is assumed that the average family of 4 uses about 80 gallons per day-
-about 20 gallons per person, It is important to accurately determine the hot water-use
for proper system sizing. Of course, the demand varies from household to household.
For this reason, Table VI-1 presents the typical amounts of hpt water required for
different uses. The data was obtained from Consumer Reports magazine, appliance
servicemen, and by timing personal hot water usages. ’

By far'the greatest use of hot water in the home takes place in bathing. in only
one week one person taking a daily 10 minute shower will consume 240. galions of
130 F water. The second largest consumer of hot water in the home is the washing

@maih'i'ne. Washing four loads*of laundry i an 18 pound clothes washer using. a Hot
Wash/Warm Rinse cycle will require ‘144 gallons of hot water, Then comes the dish-
washer, One dishwashing gycle a day a week uses 105 galions of hot water. From here
the gallons per use drops but the list of remainipg uses lengthens. ‘

*

It-takes- about 9 cents worth of electricity to_heat 10 gallons of water. If one
18-po§md load of clothes- is washed daily, a family could save about $90 a year at
6 cents per KWH just by switching from the Hot Wash/Warm Rinse to the Warm Wash/
Cold Rinse cycle. Energy-saving showerheads can also significantly reduce hot water
use without sacrificing individual comfort. Flow restrictors added to faucets can reduce

overall water usage as well as hot water usage.

P

" SOURCE: Tapping the Sin: An Arizona Homeowmer's Guide 1o Buying a Solar
. Hot Water System, Dr. Mary R. Anerson, and Mr, John A, Kimball,
Arizona - Solar Energy Commission, Phoenix, AZ, pp, VI-1 through
VI-16. Reprinted by permission from Ms, Pat Wing, Arizona
Solar Energy Commission. ‘ .
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_ Table VI-1
Typical Hot Water Requirements

Pe

The Jones family consists of Mr. and Mrs. Jopes and their two children, a teen-

. -ager and a pre-teen, They live in a home having an 18 pound clothes washer and a dish-
- washer. The father takes 7 minute showers daily, The mother takes 4 minute showers
daily, washing her hair separately twice,a week. The teenager showers daily for 5 min-
utes, washing. his hair in. the shower as necessary. The pre-teen takes 4 {4-minute)
. showersa week, if the family is.luck. The water tank thermostat is set at 140 F.

K3

Examplet. "

~

v

+

: U - * - Hot'water Required (Gallons per use)
- %L.Clotheswashing Machine ‘ 14 Ib.'machine 18 Ib. machine
a; HotWash/HoOt Rinsé -~ . 38 48
"+ b.”" Hot Wash/Warm Rinse 28 36
c. Hot Wash/Cold Rinse 19 24
d. -Warm Wash/Cold Rinse |, 10 12
2. Dishwasher Mach_ihe ‘ 15 -
. 3.'Pérsonal Hygiene _ .
a.. Showering (ave. shower is 5 min.) __140° 130° - 120° *
*
* 1) Without Energy-savin . '
Showerhead ‘ .3/min. . 3.4/min  4/min.
2} With Energy-saving o
) Showerhead ~1.5/min.  1.7/min.  2/min.
b, Tub Bathing (full tub) 15 17 200 -
c./d. Wet Shaving/Hair Washing 2-4 3345 2.7-63
e Hand & Face Washing 12 1223 1327
a..Miscellanegu: Household Uses ’ ‘ o
- a." Washing Clothesby Hand 1-2 1.223 2753
.'b. * Washing Dishes by-Hand 4 - 45 5.3
c. Preparation of Dishes for . :
B Dishwasher 1-2 1223 2.7-63
d. . Miscellarieous Housecleaning 2.5 28 ' 33
e. - Food preparation using hot )
water 3 34 4 .



X-S-51

b

Using the hot water requirements from Table VI-1, we calculate first the weekly-

‘hot water usage from-which we can determine the av_el_’age'daily hot water demand.
Exgﬁj_biEEWofkshé:et 1

) Estimating Daily Hot Water Demand for the Jones Family

L e e, Weekly- " T
L Use - No. of Uses X Gal./Use = Weekly Total
1. Clotheswashing . ‘
- a  HetWash/Hot Rinse 0. X =7 0
b, HotWash/Warm Rinse 0- X = -0
¢, HetWash/Cold Rinse 0 X = 0
d. Warm Wash/Cold Rinse 3 X 12 = 36
"~ 2. Dishwasher Machine 7 X 15 = 105
3.  Personal Hygiene
a. Showering 128;, x 3 = 384
minutes
b.. Tub Bathing 0 X = 0
- ¢ Wet Shaving 7 X 2 = 14
d. Hair Washing 2 X 4 = 8 .
e.  Hand & Face Washing 50 X 1. = "7 50
-4 Miscellaneous Household Uses * , o
a. Washing Clothes - ‘ ,
byHand . 1 X 2 = .2
b. .-Washing Dishes- '
by Hand _0 X = 0
c. Preparation of Dishes- - T
v, for Dishwasher 7 X 1 = 7
. d. . Misc. Housecleaning —0__ X = 0.
. & Food Preparation using
hot water 0 X = ‘0
, © ' 606
G = Daily Hot.Water Use = 606 — 7= 865 Weekly Total

Weekly Total *~  Daily Total in Gallons

The weekly usage averages out to a daily demand of 86.5 galions. This averages

~out to about 22 gallons per person. Had the Jones family installed ener%y~saving shower

heads, the daily per person use would only have been 15 gallons! For this family,

The energy-saving shower heads could have saved over $70 per year. A good plusating

enerdy-saving shower head which regulates flow to 1% gallons per minute ¢osts about

$25. ‘Reduced water usage will also save money on a solar water system since less
collector area will be needed and a smaller water tank will be required.

.

)
o / _ Naw calculate your own daily hot water usagé on the following worksheet:

.o

~

i
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‘WORKSHEET 1
_‘ —, .

#
- "

\ Enfmatinq Daily, Hot Watei"_Dgn@d
- P . . Weekly

- Use "" . . No. of Uses X Gal./Use Weekly Totat

. 1. Clotheswashing
a.-Hét Wash/Hot Rinse

L X
Al ‘b. Hot Wash/Warm Rinse . X. =
_ > . c. Hot Wash/Cold Rinse K X =
e d. Warm Wash/Cold Rinse i \{ =
2. "Dishwasher Machine X 15 = )
3. Personal Hygiene :
a. Showering X =
' ’ miqutes
b. Tub Bathing ' =
¢. Wet Shaving = "

-

T _ d.Hair Washing . °

X X X X
t

]

a  e.Hand & Face Washing

- .

- 4, Miscellaneous Household Uses

x
"

a,.Washing Clothes by Hand
b. Washing Dishes by Hand

X
"

o c. Preparation of Dishes .
- for Dishwasher "X =
’ d. Misc. Housecleailing - X =
€. Food Preparation _ X = ,
G= Déily Hot Water Use = = T= J Weekly Total
o : ‘ Weekly Total Daily Total in Gallons
i

s ¢
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- .Siiing*the;Solér Hot Wate;' Storage Tank .

. Thé solar tank should be sized to provide for about one day’s hot water~demawnd.

L "Storage tanks come in standard sizes of 40, 52, 66, 82, 100 and 120 gallons. Recently,

. some manufactuters have started making 10Q-gallon tanks suitable for solar use. Figure »

. VI-1 can be used to determine the necessary storage. tank size. To do this find your
daily hot‘wate‘r demand at the left hand side of the graph and go to the corresponding - n
tank size to the right. If the tank size needed is between steps, the larger tank should

“be selected to ensure adequate. quick-recovery backup and to improve the system per-
- formance (upito 7%).

Lhe

P .

sl

. :TA&K ngING o - ' o '
-~ STANDARD TANK SIZES - . ‘
130 ‘

. 110 : ‘ ' ' >

a . )

5 90 {

[T} ’ : ¢

Lo E q ]

h N ég 57 ot
5% ‘ -
AT , .
e . ! 2hsd- w ‘

0 l-! l 7. 11 11 R ﬂ} | R RS | | AL
140" ] 52|11 66 82. | 100 | 120 .

N hsoungiso STANDARD TANK SIZE
. "Higure VI-1_ STORAGE TANK SIZING FOR SOLAR SYSTEM

v ~ ; r 4
" /. - hY . i -
- N . - N ~ LS
. A “ PR 4 .

H
H . N \ -~
3 ' .

. Fro igure VI-1, thé Jones, family with a daily demand of 86.5 gallons, would
- look for/a-82-gallon storage tank. % N .

p ‘ .

i “\‘«AExampleZ.
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A Storage Ratro e o : /-

o ”[he proper sizing. of the solar hot water storage tank to the collector, area

_ is a key element for- efficiént and effective system performance. For most systems,
this ratio is between 1.5 and 2 0 gallons of hot water storage for each squaré foot -
of collector area. .. " ‘ o~ .

M . v . « T « B .

~_/
] An underslzed storage capacrty results in rarsrng the water temperature to'
_its peak level too early in the ddy. Consequently the system is prematurely satur- .
ated. This can prevent the efftclent collectlon of addrtronal avarlable solar energy” )
durrng the restof tie day.._/ . . . '

13

An oversized storage capaciy results in a slower mcrea?e in water temperature
durmg the day Although the collectors operate efficiently, they may have diffi-. P
culty in raising the tempegature of such a large volurme of water to the desired' . s
temperature. This requires the backup system to boost the temperature to the R
temperature tével desired causmg a loss of utility savmgs. ‘ »

The Solar C.OIlectors o S ) . B ' AN
XD M . S " - ’ . |
Solat collectors must be sized properly to obtam an effrcrent system. To determina’ ;
the requrred collector area, the-hot water denfand must be known. The phrase "‘collector
. area’ means the gross collector area, whrch .the product of the fength and width of the
B collector box. ~ - _ .
Th’/followmg{are rufe of thumb srzmg figures for solar collectors They assume a
smgle-cover collector with a nonselective absorber plate, oriented south arzd in Arizona,
. tilted-at:an-angle of approximately 45° .
. Wedatamangle of A

- L%

. ~

v: - Vg
. ’,
- A . . X
’ Ty
- . . * . v

Famrly or House Srze Collector Area/Sq Ft, - . . e /

L

P . Phoenix Flagstaff T R AV
Famrly of 205, 1-2 bEdrooms; © 2229 2634 " ., P L a

&7, Familypf3or2 bedrooms 3344 \ 3851 _~’ o R e
I ’ --Family of 4.or:3-bedrooms . 44-59° 51-68 . \ ' Ay
Famtly of 5 or4'bediooms  ° 55:73 64-85 . A IR

Famrly oi6or5 bedrooms . 66:88- 77-102 '\ .ot Cok -
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o The remainder bf thlS chapter presents a more accurate method of determining

collectox:area : . . .. _
o To do thls it is lmportant to understand how to describe the performance of a
solar collector The- efficiency-of the collector is a measure of its ability to absorb the
sun's. energy apd to transfer this heat eriergy to the collector fluid. The most popular
. method of determing the efficiency of solar cojlectors i in the ASHRAE Standard 93-77
- est me.thod The efficiéncy for flat plate collectors is given in terms of an ‘equation. It is
Tather difficult for the average homeowner to follow. It has been included for those
. who wish to thoroughly cover the subject. For thoss Who wish to skip this rrore tech-
nical aspect ‘of snzmg, they should move on to Collector Sizing From Graphs.

>

- o \ . B
r e

E = A~-— B(TF -~ TO)fl
where  E = Fhermal efficiency of the solar col Iectors,

.. A =Intercept on the vertical axis and is a measure of the ability of

- - the collector to absorb solar energy and to {ransfer the heat to
the collector fluid, (drmensronless)

"B= Slope- of the line and is a-measure of the ability of the collector

- ] to transfer the heat to the. collector fluid and its ability to

) reduce hea §°Iosses from the collector box to ‘the amblent air,

" (Btu/[hr-ft F]) ,
TF= Collector mlet fluid, ture and is basncally the operating
temperature.for, the collector (°F),
* TO=Outside air temperature, (°F), ’ .
Iy ! ;i,

|= Solar Jrradlatlon incident on the collector,
(Btu/[hr ft2 F] ).

lnspectlon of thls equation shows thaan incredse in the collector operating

_temperature, TF, will lower the collector efficiency. A decrease i in_the solar irrad-
jation will also dx%ealse{cogector efficiency. Ideally, the collector shoutd have a

, hlgh-value for A and aTow value for B. Typical values are:

1', . .
. A B

S (Btw/[hr — 712° F])
High , 0.650.85 High 0.90-15
o : - : . :
Low © ' 050065 | Low 0.50-0.90

-~

\

The ASHRAE 93-77 data is usually available from most collector manufacturers.

3
-~

-




: Coﬂeetor‘Siiiﬁ’g .From'Gra'phs‘ -

...

The ASHRAE Standard 9&77 test method for determtmng collector effi crency is .
i also presented in the'form of a g pasy to understand: graph A sample. graph giving the -
‘effici iciency of a collector at-varibus operating coriditions is shown below in Figure Vi-2.
Operatmg conditions means the sunlight available, air temperature and inlet water
temperature to theé collector. Since these conditions: change constantly throughout the
) day, there is no single-efficiency value far a callector. However there is a certain normal
' ,range of operatmg condltlons wh|ch can be looked at and used tb compare collectors.

. ", .

. 100% .
oo% t+
r 80%}
70%
2 son}
g
(%}
€ sox}
g sox}
& :
§ 3ox}
111 ¢ -
0% water Heating Range -« , \
. ‘ . ’—"\./\_.4—'-\
o% 1 1 2 " A i i
0 05 4 a5 2 253354 A5 5 55 .6
Range of. -Operating Conditions :
. (F-TO)I |
- Pgure iz ASHRAE 93.77 COLLECTOR EFFICIENCY CURVE -

llustrating the Importance of selecting the collector
for its efficlency at the operating conditions for the
given application.

Itis lmportanf to compare the effrcuenCJes of collectors for only the range of
operating temperatures in which they will be required to perform. For domestic
water heating, only the rarige of operating temperatures from 0 to .3 should be
"Considered. Beyond this point operating.conditions become too extreme. However,

. some concentrating collectors can effectivély operate in thjs range. For example,
;Flgure V.[-2 shows.a typical efflmency curve for a solar collector.

The prodedure for sizing the collector is outlmed ‘befow in several stéps,
o Worksheet 2 should be used in this procedure, Also, see the example worksheet
-followmg thls dlSCussron ’

The propér size of the collector area can be estimatéd as follows

"

Basic Collector Area = A (from Step 1 & 2} -

For Phoenix and Tucson using the basic collector area A is sufficient.
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In other Arizona locations -or where severe mounting problems exist or . -
if you are willing to turn your thermostat set temperature down below 140°,
a d@d collector area determination should be. made.

Detailed-Collector Area=AxWx TxOx S

where A = Basic Collector Area {(from Step.1 & 2)
- W= Weather factor, - "
' T = Tilt factor,
O = Orientation factor, - .
and S = Water Set Temperature factor i’

——— ~

dasic Collector Area

— Step1. (Gand F) E§mate the family daily hot water demand G (see work-
sheet 1) and select the/desired fraction of the hot water to be supplied from

- solar (called F). .82 is suggested for Arizona’s desert regions and .75 for higher
elevations. ASee Table VI-3. for a breakdown of monthly solar fractions

.

for desert regions.

~ Step 2. (A) To determine the basic collector area A, Figure VI1-3 should be
used. Before using this graph a determination of the collector performance
desired or being considered should be made. As has been pointed out by
Figure VI-2 the averagé performance or”e'fficiency of a collector can be de-
termined by examination of a collector efficiency curve. Since the collector/
operating range for solar water heating systems lies between .0 and .3 on the
horizontal axis of this curve, halfway or .15 would give the average collector
efficiency. For exampte; the followingare two examples of an efficiency curve
from the promotional literature of two company’s collectors. Looking at .15
on the horizontal axis and going up to the efficiency curve, we see that the
collector on the left has an average efficiency of .68 or 68% and the collector
on the right has an average efficiency of .55 or 55%. A rating of the collector’s
efficiency can then be made. ' g
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Efficiency {for use of sizing graph Figure VI-3)
65% and above
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50% and below
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Once thescollector has been rated as high, average or low, Figure VI-3 can be
used to determine the basic collector area {A). Using the preferred solar
fraction (F) on the left side of the graph and choosing a collector with the
desired rating, determine (X) on the horizontal axis. When this number, (X)

is multiplied times (G) the gallons of hot water used per day, the result is
{A) the basle collector area, g
Ay

; A=XxG,

<

where X = Collector area to hot water daily demand ratio,
and G = Hot water used in gallons per day.

Theanswer will be in square feet, and it indicates the area required for properly
tilted and oriented collectors in the Phoenix and Tucson areas and for pro-
viding 140°F water. For collectors no®atisfying these conditions, adjustments
¢an be made in detailed collector sizing Steps 3 thru 7. -

AR et L LT T U Y

d 0.2 o4 - 06 0B 1.0 1.2 14 16
‘Collector Area to ‘Hot Water Dally Demand Ratio, X

Tigure i3 SOLARCOLLECTOR SIZING GRAPH

) Table VI-2
Effect oFf Weather
City : Weather Factor (W) . ' , \
‘Collector Rating: . High Average Low ,

- Flagstaft . 114 1,16 1.19
Phoenix 100 1.00 1.00
Prescott 1.04 1.06 1.08
Tucson 1.02 1.02 1.02
Wirslow 1,11 1.12 113

. Yuma 0.96 0.96 0,96

7 .
o8
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- Step 3. (W) Select from Table VI-2 the weather factor (W) of the city -
nearest the house. <
( ] Step 4. (T) Determine the latitude from Figure VI-4, If the collector tiltis
going to be latitude, plus 10°, the tilt factor is 1.0. If not, determine from
Figure V1-5 the tilt multiplication factor (T). ! -
. . 37+ North’
9 3 Latitude
Page K:yem
36°
Ganado
- » @
35° |
//; A ' -
. " L
Morend
® L33
N . *
4 Ah '
h ] 32' 6
-$- ’ ;:iales DW:“"
O TT— 31 \ f
. Figure V1-4  LATITUDE LINES OFf ARIZONA
) 22 |
N
‘ .
} g /Ag\
N -
E HOI‘ZNTA!. {GROUNDY »
Q .
5 1.8
8
s -
5 t
T 16
g i
5 \ ’
£ 14 . ‘
E -
. v 1.2 ”
‘ 1.0 f
— 0 20 40 60 80 90 C .
Figwre vi-s EFFECT OF COLLECTOR TILT : Tl Angle, Degrees - - ‘

(The optimum eoltecfor thiis latitude phus 10°
Le. Phoentx latitude » 34° plus 10° « 44°)




. — Step 5. (0) If the collector orientation is going to be south, the orientation _ -
factor is 1.0. If not, determine from Figure \A-6 the orientation multiplication . . '
factor {O). %

- 1
& 120 | . '

Orientation Multiplication Factor

1.00 = .
" 0 10 20'30 40 50 60 70 80 90

) Odenngn East or West of South, Degrees
- hgure vi-6 EFFECT OF NON-SOUTH COLLECTOR ORIENTATION - p

— Step 6. (S) If the water set temperature is 140°F, the water tempetature
factor is 1.0. If not, determine from Figure VI-7 the water set temperature
multiplication factor (S).

Y

1
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Table VI-3
Typical Monthly Fraction of Hot Water Demand Met by SDWH Systemin Arizona
Desert Area.
. . Fraction Hot Water
s Demand Met By
Month i SDHW System
: January ' .66
/s ., February .76 R
March Y .83
. April . .89
. May . .88
June . .86
¥ July : 85
August . .93
: September : *.99
October . 92 .
November 77
- December ’ .64
Year Average .82 approximately
—~ Step7. Determine the final collector area required as: i}
E Detailed Collector Area= AxWx Tx 0 xS, -

Select a—number of collestor panels so that their combined area equals or
slightly. exceeds the calculated final area. If a heat exchanger is used in the
© system, the collector area should be increased 10% to 15%. :

The steps and graphs are.now described in detail. See the example at the end of
-~ this diseussion for further clarification. h

See Step 1. It should-be recognized that when an F, the fraction of the hot water
demand to be met by the solar system, is selected, the value is an annual average that
will vary from month to month. The above table gives a typical monthly fraction of
the energy to be supplied by solar that could be expected from a system meeting approx-
imately 82% of the yearly hot water demand. .

Step 2. Collector, efficiency varies from manufacturer to manufacturer. Figure

VI-3 presents collector efficiency curves obtained from the F CHART method by using
data obtained from ASHRAE Standard 93-77 tests and the 1980 U.S. DOE -Solar

> " Collector Test Program for 163 different collectors. The water set temperature is 140°F.
and the supply temperature is 60°F. Storage is 1.5 gallons per square feet of collector area.

Example 3 in this chapter describes how to read the graphs. The dotted lines on
Figure VI-3 show that for an 80% solar system (F = .80) one would need .50 square
feet of high performance collector for every gallon of hot water ‘per day of demand.
Thus, for the.Jone’s family of four with a hot water demand of about 86 gallons per
day, one needs 86 x .50 = 43 square feet of high performance collector. )

Step 3. The amount of sunshine and the local air and water temperature are
the three important variables affecting soldr collector performance.

!

Step 4. The bes't collector tilt angle for water heating is the location latitude plus

*

61 f

)
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10°. This angle maximizes annual amount of sunshine falling on a flat-plate tilted coll-
ector fixed in position throughout. the year. However, the effect of tilt angle Variation
is small so long as it is within reason. This is indicated by the tilt mutiplication factor
graph for Figure VI-5. This graph is valid for all lacations in Arizona. The dotted lines
show that for a roof pitch of 11 degrees (corresponds to @ pitch of 1 in 5}, the tilt
multiplication factorisonly 1.2. = . ' ,

: Step 5. The collectors should normally face south. If the collector cannot face

south due to roof orientation or other structural reasons, then the collector area must
be increased by the orientation factor shown in Figure VI-6, The dotted lines in Fiire
VI-6~show that for an orientation 30 degrees east or west of south, the orientation
factor istonly 1.01. ’

Significant savings can be made if the dser can satisfy the hot water requirements using
water at a fower temperature. For example, if the water temperature can be set at 120°F,
there would be a 13% reduction in required collector area. This is illustrated by the
dotted lines in Figure VI-7. : )

Step 6. The system calculation?umed that the water set temperature is 140°F.

~

Exampke/3. —

The Jones family of four uses 86.5 gallon$ of hot water per day. We wish to calcu-

late the_collector size necessary to supply 80% of the hot water at 140°F. Assume that

the collectors will face south and be tilted at the proper tilt angle. Perform the cal-
culations for Phoenix. .

We assume that a high performance collector is used. 80% solar means F = .80.
_Since the location is Phoenix, the collector tilt and orientation are optimum, and 140°F
water is desired. This example will only require determining the basic collector area (A)
from Figure VI-3. Go to Figure VI-3. On the vertical (marked, F) axis of the graph, find
the point corresponding to F = .80 and draw. a horizontal ling from that point until it
meets the curve marked “"High”. Draw a vertical line down from the curve and find the
point where the vertical line intersects the horizontal axis (X). Read that point ds
X=.50. )
. »
This X = .50 means that for every gallon per day of hot water demand, .60 square
_feet of high performance collector will be needed to supply 80% of the demand from
solar in Phoenix. Since the demand is 86.5 gallons of hot water per day, 86.5 x .50 = 43.2
sq. ft. of collector will be needed. P

- 62
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1

This example is now calculated on a work sheet.

¢ ~

'Example Worksheet 2 -
(80% average system for 140°F water in Phoemx) R ’

A. Determine storage tank size from Figure VI-1.’ .
Tank Sizeis ~ 82 gallons.

B. Determine collector size.

86.5

1. Estimate G on Worksheet 1.
9 .80 -

Select F.

mo

2. Select a collector from Figure VI-3 ,
and determine X. X

43.2 A= 43.2
A

i
o
o

Determine A - 50 x 86.5

Xx G

non

Generally, if the solar system is in the desert region of the state and the desired
water temperature is 140°, the basic collector area {A) may be used. If not

then steps 3 thru 6 should be completed

3. Determine weather multiplication

factor from Table VI-2. W= 10
. r
4. Dgtermine tilt multiplication factor
from Figure VI-5. T= 1.0
5. Determine orientation multiplication . v
#“factor from Figure VI-6. : 0= 1.0 S

6. Choose water set temperature multiplica-
tion factor from Figure VI-7. - . S=_1.0

¢
.

Detailed Collector Area = =43L.2_x__1_x 1 x 1 x-1'=43.28q. Ft.
: ' e AW T O S
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WORKSHEET 2 _
Determining Tank and Collector Size

A. Determine storage tank size from Figure VI-1-using G

determined from Worksheet 1. o
Tank Size is gallons,

B. Determine collector size.

1. Estimate G on Worksheet 1. G=__
A Select F. =
N 2. Select a collectqr from Figure VI-3 ’
and determine X. X=
‘ Basic Collector Area = | X = - A=
X G A
Gengrally, if the solar system is in the desert region of the state and the desired
water temperature is 140 , the basic collector area, (A) may be used. If not,
then steps 3 thru 6 should be completed. -
*®
~ . "
. 3, Determine weather multiplication ,
= factor from Table VI-2. W=__
_ 4. Determine tilt multiplication factor , - ,
‘ Ty from Figure VI-5. ) T=______
) 5. Determine orientation multiplication
factor from Figure VI-6. 0=
» e . - .
6. Choose water set temperature multiplica-
tion factor from Figure VI-7. . S=
Detailed‘C.o‘Hector Area = X X X X =

A ‘W T 0 s  SaFt

..ﬁ{
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NON-RESIDENTTAL APPLICATIONS AND FUTURE TECHNOLOGY -

Photovoltaic Collectors and Systems
UNIT 1. Elements of Photovoltaic Power Systems »

%5'1n most solar energy conversion systenms, photovoltaic effect
is not new. Pholovoltaic effect was discovered in 1839. The first
solid state photovoltaic device was manufactured in 1876. It was not,

v ‘

however, until the early 1960's that utilization of this approach to

solar énergy conversion gained any sigﬁificance. It was the early
1960'6=when solar energy conversion provided by photovoltaic systems

powergéﬁmost of the spacecraft launched by all nations. In this space

“related appllcatlon, solar energy has. been foﬂnd to be the most sult-

able energy source. Photovoltalc conversion devices have proven then-
selves to be a key lightweight, highly rellégle pover supply system.
The technical feasiblllty of utlllzéng photovoltaic solar eneigy
convé?sgoﬁxsystems has been well established. The remaining task
for the industry is to attain economic feasibility for large §cale
photovoltaic conversioﬁ system installations. In general, this neans
reducing the initial post of thé production of the photovoltaic system
to a 'point at which it can generate electrical eneréy competitively ‘

with the non-renewable source of energy, both fossil and nuclear fuels.

Thus, today the‘majority of the research and development currently in

Epgogress is centered on the task of photovoltaic cell co?t reduction.

When discussing photovof%aics, it is important to think of the

photovoltaic solar energy conversion system as a system rather than

just a solar cell. The solar energy conversion system converts solar

energy to electrical power to satisfy demand of a given load. Such M

loads may range from small single purpose devices, such as navigation




lights, to single family .residences, or. commer01altand publlc buildinée{

or industrial,plants of varieus sizes, to the potential of an entire

- ' community network. Each load generaliy requires power delivery-on .

demand, at a fixed voltage and in some cases, at a controlled frequency

or phase. Consequently, the solar energy conversion system typically,

contains in addition to the solar collector, a voltage, electrloal -
energy sto;age system, an inverter, and possibly, depending on the size,

some additionaltsubsystems. 'Nonetheless, the collector forms the heart N
of the systém and should be the key factor ié)therdeSign of any solar |
energy conyersion system. The process of the phot¢ oltatc energy con-

version system. takes place in a thin stationary layer to maEerial when

light falls on it. ~Most of the materials used are eolids, but they do'

not have to be solid;.they can be‘liquid. In this.conversjon process,

electrical charges are freed end made to flow as cergent through en

outside circuit and to electrical load where they can perform work.

"

The current.will flow only as long as the Yight falls on the device.

f

No storage mechanism exists in the solar epergy conversion systenm.

.

If energy storage is required it will have to be provided as o separate

subsystem. As wlth most photovoltaic deviges, response is to a broad -

WP

: . .
range of light waves and colors. Thls response to wave length Tange

Lt _ ctan be tailored to encompass the magor part of the sqlar spectrum.

The basic photovoltaic system can be identified by one of three
) i N

categories: small to medium size, gfoundrbased'centralized systens, 2}::,'

and central systems. The small to medium size pholovoltaic systems
¢ .

are dedicated to individual loads, often with the convertors attached

to or incorporated into a building structure. Their array wizes range

from about 40 to 10,000 meters squared. With the average daily
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capa01t1es ranging from 15 to 10 000~ KWH, the syste’_gﬁts 1ts name.,
- GrOund ased centrallzed systems are large photovoltalc collectgrs .
| + sexrving a d1str1§utlon system or %,slngie .large consumer hav*ng an . ZS;\\;'. %

array renée of various sizes fron ab5ut ,OOO;teters squared\to\BO ;, //

kilometers sQﬂared Tﬂe average daily@ a 01t1es for “the ground base”

central system ranges from 500 to 50,000 KWH

, - N L
The last classification of photdvoltaic systems would be the

‘central ground stations and subsequent d1str1butlon TheSj s:jf ' .
system

would-.have a des1gn ‘capagity of 240,000 KWH dally. The centr

(ﬂ\}n space is now in-the study phase and is not expected to be in ’
™ L Y U/

operation within this century.

-
.

The flrst two systems .which are dedlcated to a slngle ug:r or

small communlty, would be considered on-site power systems. Thls

N . /

-application of photovoltaic arrays locates the generator at the place

< , .
of the load thus reducing the neeghfggaenergy ﬁ&ansm;ssion and distri-

0

J ’ LR o, .
bution equipment and the associated losses in cost of that equlgment.ﬁ Y
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’ RRAD: Wolf, Martin, "Photovoltaic Solar Energy Conversion
Systems”, university of Pemnsylvania, Philadelphia, PA,

1981, Chapter 24. ,

'3

SUMMARY OF: “Photovoltaic Solar Energy Conversion Systems"

This article is the ;{ey reading of this seqt?on on photovoltaic
- convers.ion. It is detailed and precise as the state of the art
exists today. The topic of phdtovoltaic is ever-changing due to
1':he rapid break throughs being made. Therefore, even if this /f
article is important and an overview of the topic, it must be supple-
mented by additional, constant update and review of the literature.

< i Lo
L3

<@

- This article is outlined in the following manner:

‘

I. Introduction. : - .
A. History, {

S ' B. Principles of Photovoltaic Conversion.

o C. Basic Photovol*’t,a.ic Systens., ‘

T ‘ II. ‘The Pho".;ovéléa’.i:c Solar Energy Conversion Device.

A. ’Thstechnisms of Device Operation.,

, B. The Light-Generated Currents. ,
’ o v,ff" Co - Avera.ged Ana.lysis. R )
' - IR ) Chﬁ'g'e Currentﬂ)ens:.t‘}:.
;ﬂ - E. The Current-Voliage dﬁag.'actenstic. oo '
L © TII. Performance leltatlons and Possible Improvements. e
) oA Beﬂ};_c‘tive Losses. R )

B. Incomplete »Absorptioﬁ.

¢. Partial Utilization of the Photon Energy.
. \<D. The Voltage Factor. - '

E. The Curve Factor.

, v F. Sera.es Resistance Losses.

IV. Conversion Eff:;ciency Limits.

- . N

e in Krelder and Kreith, Solar Energy Handbook, McGraw-Hill,

o fr
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NON—RESIDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY

Photovoltalc Collectors and Systems

UNIT 2. Technology of Photovoltaics

READ: Maycock, Paul ﬁ., and Edward N. Stirewalt, Photovoltaics:
Sunlight to Electrlclty in One Step, Brick House Publishing
Co.\\Andover, —1981 Chapter 2. —

~

SUMMARY OF:« Chapter 2.

The photovoltai nomenon--the process by which ljght is converted
silently and directly into electricity, without the elaborate machinery
We usually associate with the éeneration of electricity--is elegant. ’

It is cértainly far less complicated than an atomic reactor, or, fg%
%hat'matter, even a conventional coél- or oil-fired plant. A review
of the science underlying photovoltaics will help to explain ;hy

photovoltaics is at once safe, clean, durable, reliable, energy- -

efficient, and increasingly_.socially and economically a

A background in high school or college physics is quite
appreciate the nature of the processes involved. ’
The outline for Chapter 2 is as follows:
. I. nggt. 7 -
: II. Single Crystal S;i{con. »4\
" III. How#Photovoltaic Cell Works,v 3 “
IV, PolycryS%alllne Silicon. } )

-

V.. Amorphous Silicon.
VI. ' Other Kinds of Solar Cells.
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY

Photovoltaic Collectors and Systems .

7 o .

UNIT 3. Options for Improving Photovoltaics

-

READ: Maycock, Paul D., and Edward N. Stirewalt, Photovoltaics:
Sunlight to Electricity in One Step, Brick House Publishing
Co., Andover, MA, 1981, Chapter 3.

SUMMARY OF: Chapter 3.

If price were no object photovoltaics would already be widely "
used as a clean, safe;, reliable, silent source of.electric power.
<. Price is indeed an object, however, as anyone who has studied his of
— . >

her heatifig or electric bill and searched for alternative energy sources

- Will agree. The price of photovoltaics is»intertwined with the«tech—

P

nology for prodﬁcing photovoltaic cells., Genulnely economlcal photo-
! ‘voltalc systems depend on the successful development of new production
methods that capitalize on economies of scale through automation, and

the development of more energy-efficient collectors. Soon*to be

codst-competitive, photovoltaics can be ekpected to reorder the energy

o &$i§ equation around which our economy is structured. e — 5
% . ) *,i‘:
: - Photovoltaics becomes economic at different unit costs, depending
-, ;“{1:

on the appllcatlon and relevant varlables such as climate, tax status

of the okmer, cost of money, and’ the prlce of utlllty—generated electricity.
For-a&pumber of reasons Wwe use the figure of $.70 per installed Watt

of- peak capa01ty for the array as a benchmark at which photovoltaics

" becomes generally competitive for residential applibations in the United -

T States (all prices are in 1980-dolla;s).

?




X-5-74
o e

The following is an outline of Chapler 3: _ ' , ‘

I. Purifying Silicon. . . ; |
A. Base Option: Single Crystal Silicom. — -— - —— -~ - _ —  —
’ . Option 2: Silicon Sheet.-

C. Option 3: Ingot Casting of Nearly Single Crystals.
: (Polycrystalline Silicon)

" D. Option 4: Si-]:iion on Ceramics. ) ’

II. Some Longer Shots: Materials and Designs. ’ .
* A, Option 5: Non-Silicon Thi'xl.h?ilms. ' - {

B. Option 6: Concentrator Designs. |

C. Option 7: Amorphous Materials. ’ ‘ 1

III. Experimental Cell Types. N {
IV. A Technology Teeming with Possibilities.
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY

Photovoltaic Collectors and Systems # . .

- .. UNIT 4. Applications for Photovoltaics-

1]

READ: Maycock, Paul D., and Edward N. Stirewalt, Photovoltaics:
Sunlight to Electricity in One Step, Brick House Publishing
Co., Andover, MA, 1981, Chapter 4, . G

’

LY

SUMMARY OF: Chapter 4.

-

History'is responsible for the mistaken and widely hel& notion
~ . - 1 /. *
that photovoltaics is a high cost, exotic technology with very limited

and specialized uses. In the rush to loft the American respose to

the Soviet Union's Sputnik, Army Signal Corps engineers at Fort

Moﬁmouth, NJ, obtained enough degign latitude to power the Vanguard

[1

I's 5-milliwatt radio transmitter with commercially avaiiablg sq}ar

cells. On March 17, 1958, six small arrays containing 1b8 silicon
chips went into space. But ‘the full implic;tions of &;iné solar power .
did not sink in until after the launch: with no cutoff device, Van-
guard's siénals fully and needlessl&.accﬁpied a radio ban& for»about
eight years. The ne&f 22 U;S. satellites went up with electrochemical
/:;‘bafieries, but in late 1959 Explorer Vi was fitted with_B;OOO 1; by
2-cm silicon cells,'which4pr6duced,;blut 15 wat}s of .power.
Except for a few ﬁﬁelear réaéiors; silicon séiar cells remained.
tge chosen power source in,spaée. By 1975} Fhe National Aeronautics
and Space Administration (NASA) Was using nearly a million cells
-« & Yyear. A;fay sizes érewx Nimbus, a we;tﬁer satellite launched in o

g
. August 2964, carried a 500-watt array; the Orbiting Astronomical

Observatory carried a®#1,000-watt array; some Air Force satellites

‘ produced 1.5 kilowatts. Only engineering conéiderations<bf balance,
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rotation, and stress now seem to present limits to the size of photé—

voltaic arrays in space. A manned space station:plan calls for a”

A

100-watt array. ) -
On earth; solar cell production grew rapidly during the early ’
1960's. Companies such as Hoffman (now Aﬁpiied Solar Energy), Heliotecﬁé'
International Rectifier, RCA, and Texas Instruments entered the field.
.By 1970, only Hoffman and Helioteck remained in the photovoltaic
business. Total sales leveled off at about 80 kilowatts per year;
at an avérage cos£ of $100-200 per watt. |
Success in space led to renewed speculation among photovoltaic » ,A/
producers over potential %er?estrial uses, By 1970, concerns about
finite fossil suel, supplies and about p?llution from excess heat,
combustioq’by-products and radiation. fram other energy-eources beganN‘

The following is an outline ofsthe remainder of the Chapter 4:

v

I. Stand-Alone Applicationms. -
II. Grid-Connected Di§ifibution Applicati?ns. .
A, How Much Electricity Does Your Home Use?
B. Photovoltaics for New Housing.
C. The Cooperating Grid.
III. Céntral Utility Applications for Photovoltaic Systems.

IV. Commercialization Begins. .
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UNIT 5. Economics of Photovoltaics.

-

! READ: Maycock, Paul D., and Edward N. Stlrewalt Photovoltaics:
Sunlight to Electricity in One Step, Brick House Publishing
Co., Andover, MA, 1981, Chapter 5.

SUMMARY OF: Chapter 5.

The economic characteristics. of photoéoltaic use can be considered
Trom the perspectives of “the inaividualkﬁser, the photovoltaic manu-
fecturer, the utilities manager, and the -other players in the worldwide
mixed economy in which solar cells dre just one of many competing~
_ responses to the current énergy situation., The changeover to photo-
voltaics and other renewableenergy sources will accelerate as'costs/‘\ N
decline and as the nation's pﬁyS!Eal plant %s steadi%;/iepleeed. Photo-
e voltaics will function as a technological "substitutions" on the -
| supply side of a domestic~e;d world economy, and the magnitude of such
;'substituéion is great: analogies are, say, the steaﬁship for the
square rigger, or the car for the horse.
The'substitution of photovoltaics fer conventional eiectrical
sources will proceed over time to the lgmlt of usefulness, when we
~can expect anotﬁer dynamic equlllbrlum to be establ;shed Subsequently ’
qphotovoltalc use 1#'11ke1y to’ fluctUate marglndlly in response to mloro— w
b econonic cons1derat10ns. ) -;“~fé o
How* rapiﬁly the substltutlon takes place and at what level market U

- 5

equlllbxlum w111 occur depend on.two key factors--the federal government's

%% L ;opollcy commltments to alternative energy sources and publlo 1nterest i

" in photovoltaics. ' o

o
o - <
+

24 I b4
*




I,

{«
II.

III.
Iv.

VI.
VII.
VIII.

following is an outline of the remainder of

The Interest Groups.

A, Users.

B. Photovoltaic Manufacturers.

C. Photovoltaic Distributors.

D. -Local Governments.

E. Utilities and Utility Regulators.

F. The Federal Governnent. .
Economics of Photovoltaics on the Demand Side.
A. -The Small PSrtable Generator. N

B. The Private Residence.

Economics of Photovoltaics on the Supply Side.
Distribution of Photovoltaic Devices.
Utilities.

Market Growth and Government Policy.
International Markets. ;

How Do Things Stand Now?

¥

.
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UNIT 6. Societal Aspect of Photovoltaics.

"~ e
READ: Maycock, Paul D., and, Edward'¥W. Stirewalt, Photbvoltaics:
Sunlight to Electricity in One Step, Brick House Publishing
Co., Andover, MA, 1981, Chapter 6.

W&
SUMMARY OF: Chapter 6.

L

There is every sign that our society will increasingly choose

electricity as the preferred form for delivering energy to the point -

[N

of use. Electricity is clean. It does not have to be H®uled about.

It is extraordinarily versatile in use and can be converted edsily ' ,
into light, heat, or motion. It can be used with great precision--
in a‘computer, a television set, or a surgical device. Moreover,

the distribution systen. representing an investment of $1 trillion,

. . . -
is alread in place.. In every sense, electrical energy is high guality

energy,
In the United States, we now produce and use about 250 gigawatt-
years 'of electricity each year. (A gigawatt-year is the amount Brovﬂyed
by a 1,000 megawatt plant operating without interruption for one y;;r.
This would power a city' of about one nillion persons.,) Use of electricity
is increésing at ;early 4 percent a year, and recent studies project
that-by year 2000, Americans coﬁld use from 400 to 800 gigawatt-years
annﬁally. A doubling of present use to 500 gigawatt-years would appear
to be a reaéonablé, if not qonsefvative, estimate of yearly use by the A‘ i

—
end of the century. Where the additional energy will come from is an

open/;uestion, but it is entirely possible that photovoltaics could, ,
provide most of it.

- - R
| .
. ‘ . i




-~

all of us enjoy the results.

photovoltaic deployment.

a one-time front-loaded-expense.
costs are minimal.
energy source would be borne by the private'sector as a normal part of
new construction costs, ox in connection withlthe maintenance of

existing sfructures.
higher quality of living. Consider: on}y a fey decades ago, most

new housing did not have central heating.

*

e

taken for granted, and the same goes for electricity.

system is able to provide these amenities and many, many more 5%6;;butes'

of modern living.

energy.

The primary issues are whether technology can provide the capability

- Y
at reasonable expense in terms of the human and material resources

[

It is important to reeognize some singular aspects of massive

Now céntral ‘heating is

4

For instance the cost of photovoltaics is
—. almost entirely attributable to the creation of capital plant; it is

There are no fuel costs, and maintenance

Most of the expense of the changeover to this new

Such costs would in essence be»atﬂiiﬁutable to

Our economic

Some people earn their living providing them, and

So it will be with photovoltaic solar

needed, and what the social and economic consequences of widespread .

use of photovoltaics may be.

The following outline is the remainder of Chapter 6;

.

‘.

I. Magegial and ResourCe Constralnts in the Deployment of Photovoltalcs.

¥ 15"

III.i

Iv.
v.
VI.
VII.

.. VIIL.®

IX.

Photovoltaacs and. the Env:.ronment.‘6 R
Effecteon Employment.

Impact on Munlclpalltles. ,
Photovoltalcs and Net Energy. )
Photovoltaics and Inflation.
Photpveitaics Overseas.

Other Issues.

The Total Market: How Large and How Soon?

783,

P
7
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UNIT 7. Glossary of Photovoltaic .Terms. '

The following glossary of terms is taken from Maycock, Paul D.,
and Edward N. Stirewalt, Photovoltaics: Sunlight to Electricity in One
Step, Brick House Publishing Co., Andover, MA, 1981, pp. 207-215.

-

acceptor -- a dopant material such as boron which has fewer outer
shell electrons than required in an otherwise balanced crystal structrue,
providing a hole which can accept a free electron. .

aﬁbnghbus'—— The condition of a solid in which the atoms are not

\

", arranged in an orderly pattern; not crystalline. .
e amper, amp -- A measure of eiectric current; the flow of electron.

~One amp is 1 coulomb (6.3 x 10~ electrons) passing in one second. One
amp is produced by an electric force of 1 volt acting across a resistance
of 1 ohn.

array -- See photovoltaic array.

balance ¢f ‘system (BOS) -- Parts of a photovoltaic system other than-
“the array: switches, controls, meters,-power conditioning equipment,
supporting structure for the aryay, and storage components, if any. The
cost of land is sometimes included when comparing total system costs
with the cost of other energy sources.

band gap energy -- The amount of energy (in electron volts) requiréa
to free an outer shell electron from. its orbit about the nucleys to a
free state, and thus to promote it from the valence level to the con-

duction- level. <
A
barrier -- see cell barrier.
" bafrier energy -- The energy given up by an electron in penetrating

the c€ll barrier; a measure of the electrostatic potential of the barrier.
base load -- The minimum amount of electric power which a~utility
" must supply in a 2U-hour period. Utilities typically operate their most
efficient generators (usually their newest and largest) to meet base
load demand. See load, peak load.

" -

“boron -- A chemical element, atomic number 5, semi-metallic in
nature, used as a dopant to make p-silicon,
break-even cost -- The cost of a photovoltaic system (in dollars

per kilowatt of generating capacity) at which the cost of the electricity
it produces exactly equals the price of electricjty from a competing

sourf:e. - . | 79
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v,

_ British termal unit (Btu) -- Amount of heat required to raise the
temperature of 1 pound of water by 1 degree Fahrnheit.

cadmium -- A chemlcal element, atomic number 48, used in making

certain,types of solar cells. .

7~ :
) capacity factor -- The output of a generatin;xplant for a specified
period of time, say a year, divided by the output if the plant had
operated continuously e} full rated capacity for the same period.

cathodic protection -~ A method of preventing oxidation (rusting)
of exposed metal structures such as bridges by imposing between the
structure and the ground a small electrical voltage that opposes the
flow of electrons, and is greater than the voltage that is present
during oxidation.

cell barrier -- A very thin region of static electric charge
along the the inerface of the positive and negative layers in a photovoltaic
cell. The barrier inhibits the movement of electrons from one layer
to the other, so that hlgher energy electrons from one side diffuse
preferentially through it in one direction, creating a current, and
thus a voltage across the cell. Also called the depletlon zone, oOr
the cell Junction. - .

cell junction -- The area of immediate contact between iwo layers
(positive and negatlve) of a photovoltaic cell. The -junction lies at
the center of- the cell barrier or depetion zone.

central power -- The generatlon of electrlclty in large power
plants with distribution through a network of transmission lines (grid)
for sale to a number of users. Opposite of distributed power.

»

&

-sombined collector - A photovoltaic array which includes an .
optical component such as a lens or focusing mirror to direct incident
sunlight onto a solar cell of smaller area.

conduction band; conduction level -- Energy level at which electrons
are not, bound to (orbltlng) a specific atogie-mmcleus, but are free ﬁo
" wander among the atoms.
AN
Qonversion efficiency (cell) ~- The ratio of the electric energy CL
produced by a solar cell (under full sun conditions) to the energy from ‘Y. ™%
sunlight 1ncldent upon the cell. ) ‘

current -- See electric current.

"+ @zochralski process -- Method of growéﬁg a perfect crystal of
large size by slowly lifting a seed crystal from a molten bath of the
naterial under careful conditions of cooling. | ‘ -

deep discharge -- Discnarging a battery to 20 percent or less of
.its full charge. .

dendrite -- A slender threadllke spike of pure crystalline material,
such as silicon. ) 8\)




X-S-83

4 - ' ' i
depletion zone -- Same as cell barrier. .The term derives froi the~
fact that this microscopically thin region is depleted of charge carriers
{free electrons and holes).

,diffuse insolation -- Sunlight received indirectly as a result of
scattering due to clouds, fog, haze, dust, or other substances in the
_ atmosphere.

-
diffusion length -- The mean distance a charge carrier (free
electron or hole) moves before recombining with another hole or elctron.
Distances are short, typically seyeral micrometers to a few hundred
nicrometers. Cell efficiency 1nproves with increasihg minority carrier
diffusion “Téngth.

dirsct current (DC) -~ Electric/current in which electrons are
fiowing in one direction only. Opposite of alternating current (AG).

direct insolation -- Sunlight falling directly upon a collector.
Opposite of diffuse insolation.

distributed power -- Generic term for any power supply located near
the point where the power is used. Opposite of central power. 'See
~ stand-alone remote site.

donor -- A dopant, such as phosphorus, which supplies an adaltlonal
electron to an otherwise balanced crystal structure. .

y\
= dopant -- A chemical element added in small amounts to an otherwise
pure crystal to modify itk electrical properties. An n-dopant introduces
more electrons than are required for the perfect structure of a crystal.
A p-dopant creates electron vacancies in the crystal structure.
electric circuit -- Path followed by electrons from a power
source (generator or battery) through an external line, including using
devices, and returning through another line to the source.
. electric current -- A flow of electrons, electricity.
energx payback time -- The time required for any energy- produ01ng
system or device to" produce as much useful energy as was consumed in
its manufaqture and construction. , - \
K EPRI -- The Electric Power Research Instltute, Palo Alto, CA; U

the research amm of the investor-owned utilities in the United States.
rd
" £ill factor -- The ratio of the maximum power a photovoltaic cell
can produce to the theoretical limit if both volfage and current were
simultaneously at their maxima. A key characteristic in evaluating
cell performance. '

flat plate (module or array) -- An arrangement of solar cells in
which the cells are exposed directly to normal incident sunlight. Oppo-

site of concentrator, -

81
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Fresnel lens -~ An optical device that focuses light like a magni-
fylng glass; concentric rings are faced at sIightly different angles
so that light falling on any ring is focused to the same point. Fresnel
lenses are flat rather than. thlck in the center, and can be stamped *
out in a mold.

-

gallium -- A chemlcal dlement, atomic number 31, metallic in
nature, used in making certain 'kinds of solar cells. .
-’ » -y
glgawatt §- One billion watts. One million kilowatts. One thousand .
megawatts. watts. ' e D
grid -- Network of transmission lines, .substations, ﬂlstrlbutlon Lo

lines, and transformers used in central power systems.

hetero junction -- Zone of elctrical contact between two d;551nllar .
materials. see homojunction. NS oz . s

« e .
~

hole -- A vacancy where an electron woulq normally be in a perfect
crystalllne structure. . R , -

homojunction -- The zone of contact between the nnlayer and the
p-layer in a single material, the two layers haV1ng been created by |
doping the basic crystal with other‘substances. see heterOJunctlon. :

L ]

insolation -- SunTight, djrect Or dlffuse‘(not to be confused with

insulation ; : .
’ LR L :
P =

inverter -- Device that convert% DC to AC. ' <n

P . .

. I-V Curve - A graphical ‘presentation ;?igge-currenb versus the
voltage from a photovoltaic cell as the load is increased from the short ,
circuit (no load) condition to the operi cirfcuit (mazimum voltdke)
condition., .The shape of the curve characterizes cell performance.

. - - . . /"

~—x,

kilowatt (KW--- 1,000 watts. =~ = ., | “
kilowatt hour (kWh) -- 1,000 watt hours. , . .

load ~- Electric power being consumed at any given moment. The .
load that 2 utility must carry varies greatly with time of day and to . -
some extent with season of the year. Also, ifl an electrical circuit, .
any dev1ce or appliance that is using power. )See base load; peak load. \

L3

majority’ carrier -- Current carrlers (elther free electrons or
holes) which are‘in excess in a spe01flc layer of a senlconductOr
materlal (electrons in the n-layer, holes in the p- layer) of a'cell. - ~ ~

marginal cost -- The cosf'of one additional unit Within a group
of like units. . ’ ’ Xﬁe o
. i

‘

-

" megawatt (MN) —- One million watts; 1,000 kilowatts, =

m1nor1ty carrier -- Current carriers (elther electrons or holes)"

¥

. i
. .
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whith' are in the minority in a ‘specific layer of seniconductor material.
Tt is the diffusion of minority carriers through the.cell barrier that
creates a voltage, and constitutes a current, in a photovoltaic device. y
The process becomes more efficient with increasing minority carrier
diffusion length.. . , . .

- - - ‘ . b

multiple jﬁhction cell -~ A photovoltaic cell containing two or
"more cell barriers,.each of which is optimized for a particular portion
~ of the solar spectrum to achieve greater overall efficiency in convertlng
. » sunlight into electricity.- See vertical nultiple junction cel} and

"~ split spectrum cell. . . .

-

n-silicon -~ Silicon containing a minute quantity of impurity, or

— dopant, such as ﬁ%osphorus, which causes the crystalline structure to :

contain more electrons than required to exactly complete the crystal

~ structure. There is no electrical imbalance, however.
N A

‘ » . . . i
~ ohm.-- A measure of resistance to thie flow of an electric current. ~-
A K - A
p open 01rcu1t4voltage -~ The voltagi across'a photovoltaic cell in
. sunlaght when no current: 1s flow1ng, th# maximum possible voltage.
f o
order of magnitude -- A\factor of 10; used as a convenience in
comparlng large numbers. T : .
pgrallel connectloh - A fiethod of 1nterconnect1ng two or-more  °

electrlclty -producing devices, or power-using devices, such that the
voltage produced, or required, is not increased, but the current is
additive. Opposite of series connection. N . . .

e

load, or usage, of electrlcal \“”
of time, typically a day. .
o

peak load, peak demand -- The
power occurring in a given perio

‘peak watt or watt peak --fThe ahount of power a photovoltalc
dev1ce will produce at noon on a clear day (insolation at 1000 watts
per square meter) when the cell is faced directly toward the sun.

gho horus -+ A chemical element, atomic number 15, used as a
dopant in making n- s111con. 1 )

- ~

photOelectrochemlcal cell -~ A 3pecial klnd of photovoltalg_cell ih
which the electricity produced is used immediately within the cell to
produce aﬂusef mical produce, such as hydrogen The product materlal'
¥ withdrawn from the cell for direct use as a’ fuel or
i ient in making other cheuucbls, or It may be stored and used
subseqyéntly. .

’

on -- A partlole of light, which acts as an indivisible unit .
"y of’ energy, a quantum or corpuscle of radiant energy moving with the
8peed of llght ) )

A S

A hotovolﬁa&c -- Pertalnlng to the direct oonvers1on of. 1light inte

,
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- phobovoltdic array -- An interconnected system of photovoltaic

" modules that functions as a single electricity-producing unit. The

modules are assembled as @ dlscrete structure, with common support or
mountlng. 4

. “photovoltaic cell —— A device thai converts light directly jinto .
electricity. A solar photovoltaic cell, or solar cell, is designed for
use in sunlight., All photovoltalc cells produce«dlrect curren_ (DC) v

] "photovoltaic collector -- A photovoltalc_module or‘array whlch i}
receives sunlight and converts it into electricity.

photovolteic module -- A number of photovoltaic cells electrlcally
interconnected and mountethogether, usudlly in 3 cdsmon sealed unit or
. panel or convenlent size for shlpplng, handllng, and assemhllng into
arTayss

photovoltazk system -- Aﬁconplete set of components for convertlng
sunlight into elpctricity by the photovoltalc process, including array
and balance-of—s stem components. 4. .

photovoltal -thermal (PY/T) system -- A photevoltaic system which,
in addition to converting sunlight into electricity, collects tHe res1dua1
heat energy and delivers both heat and electriefty in usable form. Also
called total energy system. See coﬁbiﬁed collector.
’ LY
polycrystalllne s111con' polyslllcon - Slllcon vwhich has solidified
at such a rate that many small crystals (crystallltes) were formed. The
atong within a single crystal are symmetrlcalli arrayed whereas in
© . crystallites they are jumbled together. , " (

v ~ «

power conditioper -- The electrical equipment used to convert power
from a photovoltaic ar™wy 1nto a form suitable for subsequent use, as in
supplying a household. , Loosely, a collect1Ve term for inverter, trans-
former, voltage regula¥jor, meters, switches, and controls. -

] 2:s11156h -- Silicpn containing a mlndte quantity of impurity, or
dopant, such as boron, which prQV1des insufficient electrons to exactly
C\“complete the crystal structure. There 1s4ﬁo alectrical imbalance, however. '

BV -- Abbreviation-for Photovoltaic(s). , - .

quad (@) -~ Ore quadrllllon (10 5) British thermal units.: A~
commonly used measure f very large quantities of energy. The total
consﬁmptlon of all foi of énergy in the Unlted States in 1980 was -
" aboht 78 quads. .

¢

~

* recombination -- A free-electTdn being reabsorbed into 2 hole.

J . ~ . .
.rectifier ~- A device that converts AC to DC. ’

Y -

remote slte -~ Hot qonnected to a uﬁlllty grid. ,Se; sta. d—alone{
dlstributed power. . ~
- - ' o”
reserVe capacity -- The amount of generating capacity a central
,power system must maintain to meet pea.k8 lloa.ds. /See gpimning reserve.
~ . [ Ve

Q- 4
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- ribborn -- A thin sheét of crystalline gr polycrystalllne matetlals
such as slllcon, produced in a continuous process by withdrawal from
. E&? a molten bath of the parent material.

satellite power system (SPS), -- Concept for providing large amounts -
of electricity for terrestrial use from one or more satellites in geo- -
synchronous earth orbit.” A very large array of solar cells on each
" .satellite would provide electricity which would be converted to micro-
wave<energy and beamed to a receiving antenna on the ground. There it .
would .be reconverted into electricity and dist¥ibuted as any other
centrally gener7ted power, through a grid.

»

/ Schottky barrier -- A cell barrier established at the interface
between a semiconductor, such as silicon, and a sheet of metal.

semiconductor -- Any material which has limited capacity for con-
ducting an electric current. Certain semiconductors, such as silicon,
gallium arsenide, and cadmium sulfide, are uniquely suIted to the

photovoltaic Conversion process.

- " SERI -- The Solar Energy Research Inst1tute at’ Golden (Denver)
" CO., Established by Congress in 1974 (Solar Energy Research, Development,
. and Demonstration Act) to lead the nation's solar energy research and . .
¢ development program. ’
o “ series comnnection -- A method of interconnecting devices that -
generate or use electricity so that the voltage, but not the current,

is additive one to the other. Opposite of parallel connection.

2 short circuit current -- -The current flowing .freely from a photo-
voltaic cell through an external circuit which has no load or 5es1stance,
the max:.)mum current possible, !

. Siemens process -- A commercial method of making purified silicon.

silicon --A chemical-elemert, atomic number 14; semimetallic in
nature; dark gray; an excellent semiconductor material. .A common con-
stituent of sand and quartz (as the oxide). Crystallizes in face-centered
cubioTTattice like diamond. Seg p_;ycrystalllne silicon.

solar cell —- A photovoltalc cell desgigned spe01flcally for use in
convertlng sunllght into e1ectrlcity. .

. solar constant L The stfength of sunlight; 1, 353 watts per square
meter in space, and about 1,000 watts per square meter at sea level.

’f solar-thermal electric —- Method of producing electrlclty from *
‘'solar energy by using focused sunllght to heat 4 working fluid which in
turn drives a turbogenerator. ° . .
- ' i ”
space charge -- Same as cell barrler, depletion zone.
N> splnnlng reserve —-— Utlllty generatlng capacity bn line and running

at low. power in excess of actual load. - .

LI
,’ -
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spllt spectrum cell -- A compound photovoltalc device in which
sunlight is f1r§b divided into spectral regions by optical me Each
region is.then directed to a different photovolisaic cell optimi for
converting that portion of the spectrum into electrlclty. Such a device
achieves slgnlflcantly greater overall conversion of incident sunlrght

“inte electrlclty. See vertical multiple Junctaon cell. ’
‘stand-alone - An isolated photovoltalc system not ) ¢

connected to a grid; may or may not have storage, butmost stand-alone
applications require battery or other form of storage. See remoté site.

synfuel, synthetic fuel -- Anj of several'fuels, ustially liquid or
gaseous, derived by process1ng such fodsil sources as 011 shale, tar
_sands, and c¢oal. ’

thermel electric -- Electric energy derived from heat energy,.usually
" by heating a working fluid which drives a turbogenerator. See solar
. thérmal electric. - - ‘ :

-

thermophotovoltaic cell —- A device that concentrates sunlight on
a ‘small heat absorber made of metal or other suitable material, heating
it to a high temperature. The secondary thermal radiation re-emitted
by the absorber is .used as the energy source for a photovoltaic cell.
~ The cell is chosen for maximum efficiency at the wavelength of the
’ secondary radlatlon.

*.
v

thln filn —- A layer of semlconductor materlal for example
polycrystalllne silicon or gallium arsenide, typlcally a few hundredths
of an inch or less in thickness, useful in naking photovoltaic cells.
Use of this.material bypasses the costly steps of growing 51ngle crystal
1ngots and sawing them 1nto wafers. Depending on the material, thin
films may be pzoduced in differént ways, such as withdrawing a ribbon
from a molten bath, $lowly cooling a molten sheet on a substrate, or

by spray coating. L . “\ .

~

!

-

valence state; valence level energy, bound state -~ Energy eéntent
of an electron in orblt about an atomic nucleus. .

vertical multiple Junction cell -- A compound cell nade of different
seniconductor materials in layers one above the other like a club
sandwich. Sunlight entering the top passes through suecessive cell
barpiers, each of whirh converts a separate portion of the spectrum into
electricity, thus agRieving greater total conversion effdciency of the
incident light. Aldogalled a multiple junction cell.

i3 ' ¢
volt, voltage’-- A measuré of the force or "push" given the electrons
in an elegctric circuit; a measure of electric poteptial.' One volt
produces one amp..of current when acting against a resistance of one ohn.
“ -
wafer —- A thin sheet of semiconductor.material made by. mechanically
sawing it from a single crystal ingot.

- A ’
watt, wattage -- A measure of electric power, or amount of Qork
done in a unit of time. One amp of current flowing at a potentig] of
“one volt produces one watt of power. ,

86
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watt hour (Wh, Whr) -- A quantity of electrical energy (electricity).
One watt hour is consumed when one watt of power is used for a period of
one-hout. ’ . ’ : “
watt -peak -- Same as peak watt. C - .
- PN .L
. .. = .
-'f? \ f
L] . ’\ .
I
o s
. r IO
- “
~
Tl . ‘
. ' /
- ‘ - 1 [} -
¢ “ K4 -
“ ¢ .
{
s
. —
- 1
LT
¢
' g . .. L ' '
' T
- 1<
. !
> « tr
s 7
. L ooge
X - L . 8 / -~




- N i
. . . . o -
o o . ) . . . . B . N -
of ' ' ’ ) ! '
. -
. . : : . 5-91

o A ~ ‘ "
-~ . . . : - *
fe ~

Lt

4

I ' NON-RESTDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY.® : ;
A . R * ‘ ’ > \ )

. . N

- . v *
,4 \‘. » ~ . é
EUTURE APPLICATIONS, .  ° &
: B *
. ‘ ‘ -“ ) )
. - -
. " —d
' % ‘ e
STUDENT MATERTIAL .
) )
. ) .
<€
-~ L 4
//’ ’
J
ed ‘ i '
. .




. T : | X-5-93

NON—RESIDEN&IAL APPLICATIONS AND FUTURE TECHNOLOGY

s - & Future Applications

v

UNIT 1. Cooling Systems #

- . o ~

This UNIT 1 consists of two readings and. a discussion of the o

concept of Solar Coo&img Systems, . - . ' .

‘e ot

L4
R READ: Bilgen, E., "Solar Powered Refrigeration", Ecole Poly-
™ technique, Genie Mé&anique, Montreal, Quebec, Canada,
in Soélar-Energy Conversion by A.E, Dixon and J.D. Leslie,
: Pergamon Press, 1979, Ch%gter 26, = ™~

« ¥ o s
S & -

< SUMMARY .OF: "Solar Powered Refrigeration" v
Utilizatdon of solar powered refrigeration units in cooling.and food
preser;ation is'reviewed;«the methods with intermittent and continous
cycles are discusged. These methods include refrigeratlon for air-

conditioning, abSorptiOn systems, and refrigeration for food preser—

vation. The intermittent cycle of gas absorption is discussed at

< i

great length w1th charts and’ graphs of effiClency and- the?ry for
H “
future improvement. ) P - -

The article conciudes that the techmieai feasibility oi solar
poyered refrigeration'seems to pe demonstrated in se§eral countries by
many research teams using various cycles: However,, there has>been no

'systematic developmentdgf solar pewered refrigeration units for ice‘
making. _ ' T ‘
- It sheald be noted that:

-- there are presently no solar ice makers which operate success-

A
1Y

fully; the results of suceessfuyl demonstrations reported%in

the literature are hardly'repeatable in actual conditions.

the cost figure and economical calculations are basef~on

speculation. R
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READ: Newton, Alwin, P.E., "Solaz. Systems for Space Cooling",
. . Borg-Warner, York D1v151on (retired), and Consulting

Engineer, York, PA, in Solar Energy Handbook by Kreider
5 . and Kreith, McGraw-Hill, 1981, Chapter 15.
. Sy

SUMMARY OF: "Solar Systems for Space Cooling" > _ -

-

THe most highly developed solar-powered coollng equlpnent is at

present the lithium brom1de—-water system which readlly avallable in

f

. commercial sizee. The performance chgracteristics of such equipment
are discussed in detail. The possible gains‘from dual temperature
storé%e are also shown:” lelts of performance of other. cooilng
equipmfnt such*as ammonla absorptlon, Ranklne drI;:;, open absorption,
and adsorpkion are also described in engineering detali. . . Ce

»

-~ Another concern of th1§ artlcle is the need to treat the bulldlng

: to<be cooled and the air condltlonlng equlpment energlzed by the solar

system as an 1nteract1ng comblnatlon. The load patterns of typ1cal

buildinge are identified and, the performance of ayxiliary equipment ' "
i - - . « 4 1 .

-

such as. cooling towers is shown over all normal operating conditions.

" The relatlonshlps between loads and varylng ambient temperatures and
L4 1)
the effect on the most effectlve energlzlng temperatures are shown in

~

detail.

_ Conventgonal air. conditioning equipment utilizes either electrical

or thermal energy to drive compressors or absorption equipment~to

produce a cooling effect. -The thermal energy 6btained fxzom the sun

" by neans. of the various types of collectors described elsémhere can T
.be used to directly energize.the ;bsorptiothypehequipment, and byu

' meane of heat engifies to dr1Ve compressors. The variable nature of
the solar eneré; requlres a much more complete analy51s of loads and

isequipment characteristiCSythan is normally made for conventional
Pl ‘ % » 4 "
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. :appliéétions. This article deals with pérformance characteristics

of commercially available air conditioning equipment and shows methods .
* -‘ ‘ % » k3 s f k3 ’ ‘ k3 > . k3 .
by which it can be used in solar-energized applications in the most ~
\ ] . R ) . . = r
cost effective ways. It then closes with suggestions for specifying
« > : . .
. . solar cooling components and systems in such a manner as to assure '/
. L s :
- that the desired equipment is obtained. T . Sz
. e
».
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FURTHER READINGS . .

R < o ’ : b
\ 1. \Newﬁon, A.B., "Variable Speed Drives for Centrifugal Compressors", '

o terpational Institute of Refrigeration, Proceedings of XII V-
) o Tntthatloﬁal Congress of Refrlgeratlon, Washlngton, D, C., 1971.

2. ~Neu'ton, A.B.,J"Optimlzatlon of Cooling Systems, Energized by Solar ' .
o Heat", International Institute of Refrigeration, Proceedings Joint -
LT Meeting CommiSsionS'Cz, Di’ D2, D3,‘an¢ Ei’ Melbourne, Australia, -
4, - -, September 1976, . °° e
3. ASHRAE, Handbook of Fundamentals, American Society of Heating, .

Refrigerating and Alr—Condltlonlng Englneers, New York, 1977.

4
%. ASHRAE, Handbook of Systems, American Soc;ety of Heatlng, Refrlgeratlng
) and Alr-Coﬁ&itlonlng Engineers, New York, 1976 -

PR L
6. TNewton, A.B., "The Meanlng and Use of Consensus.Standards in Rating .
and Certlflcatlon of Solar Collectofs", ASHRAE Jburnal November 1978
7.. ASHRAE, Methods of Testlng to Determlne the Thermal Performance of
Solar Collectors,- ', - American 8001ety of Heating, Refrigerating and TAir A

! 5. ASHRAE Computer Codes for Building Energy Analysis (ASHRAE GRP153), ot
N . American Society’ of Heating, Refrlgeratlng and Air-Conditioning -
| ; Englneers, New York, 1975 - . .

Condltlonlng Engineers, ﬁew York, 1977. -
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNOLDGch

- - /

Future Appllcatlons ‘ : .

ot

"UNIT 2. Solar Central Power Stations #
- "o . 1

READ: Caputo, Richard, "Solar Thermal Electric Power Systems", th
in Solar Energy Handbook by Kreider and Kreith, McGraw-

Hill, 1981, Chapter 20.

SUMMARY OF: ' “Solir Thermal-Electric Power Systems" -

The approach to™this 4rticle is similar to the comparatlve assess-

.
-

ment .study of several solar and.conventlonalpower systems contalned in
W -

other references. This article presents several types of distributed-

and central-receiver solar thermal;glectric systems and performs a
- .
comparatlve eveluation amorig them and, to a limited extent, with

POR ¥

conventlonal power plants The primary factor which is consigered

4
is a projection of utility economics. But consideration is given

several otﬁer facters such as a technical &evelopment &i%ficulty,'
utility <interface, central vs. dispersed use, and utility vs. cdmmﬁnity‘,
or prive;e oynership. A brief review,is dlso made of the major, factors
affectlng social dccept;nce 1n/gﬂgpar1son with advanced fOSSll nuclear,
and even solar;orbltal Jpower systems. Due to the uncertainty of costs
and to some extent, é%é performance of these varieus solar systems,

¢ the results are presented in two forms: tﬁe first is based on a ‘

"best Judgment" estinate of ‘all- economic-and techriical performance

factors, and the second fammshqwéparametric data for a range of

values. \\\. v
, Y . . )
f I
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NON-RESIDENTIAL APPLICATIONS AND FUTURE TECHNOLOGY

_ _ Future AfplicationS" : .
= % -

UNIT 3. Ocean Thermal . - Ll

t ‘a
v “ N

s The largest solar collector and storage system by far is the

- .

“Tropic of Cancer and the Tropic of Capricorn E‘ at a constant of
abeut 77°F. These warm surface waters are separated by an little as ~ -

- ’ - 4 —~ i .
*2,000 feet' from the in&xhaustible source of cold water. Water typically

~

—

» . e

in the ocean at 2,000 feetllevel is constant at hdvF. Océhn thermal * -
energy conyersiqp'(OTEC) uses the thermal giadient as a renewable
source of energy to produce electric power by utilizing the warm

surface water as‘a heat source and the cold water from the depths as

] .
a2 heat sink. When a solar sea plant is installed thqé‘is large -

. —

enough to span the temperature differential, heat may be extracted from
the water and used to pbwer an engine. This engine would belsimilar

in principle to the standard heat engine, or turbine, normally used in’
/ »

" the production of electricity. . . .
In concept, the operation of this ocean thermal energy cbnversion

plant would draw warm water into the plant from the surface of the
. ‘ . . ) . )
ocean and pass it *through an evaporator’where it delivers some of the

heat to boil a fluid. The resulting vapor is ‘delivered to a turbine.

where it expands the low pressure ane exhaust into a condensor.  The

»

lfurbine drives the electric generator. Cold sea water is drawn into the

- s

plani 9nd is passed through a condensor'whgyé it picks up heat as a low

.pressure Qapor condenses.. The coﬁdensate is then puﬁped back to the

evaporator to coqn&ete the cycle,
- é “ J
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While ideally the najor thermal resources of the oceans are

) avallable 1n the tropical latitudes, a relatively large quantity of

s

thermal energy can be harnessed close to major papulated areas of

the United States. For example, the warm Gulf Stream is located. only

x

. 15 mlles off the coast of Mlanl Florlda. Other favorable*U.S.

plants located sufficiently close to shore could provide base Toad

locat;ons for the generation of electricity include the Gulf of Mexico,
Hawaii, Puerto Rico, and the Virgin Islands. Ocean thermal conversion

" .

electricity -to the land grid areas by means of underwater cable. Ag

= r

- alternative being evaluated to the generation of electricity would be

LS

“the production of an 1ntermed1ate fuel such as hydrogen This hydrogen

13

would be processed by electrolysis. In some oases, hydrogen could be

transported by plpellne to the shore. In some more remote areas, the

&

concept of tankers,would have to bé utlllzed. Other energy intensive

§ AN -

chenlcal products such as ammonia, which is synthes1zed from hydrogen

and nitrogen from the air, are also potentlal products for an OTnG

productlon system. v ) .

_ Futurists believe it is quite conceivable that OTEC plants might .

supply electricityzfor the’ offshore processing of boxite into aluminum
. ' ’ <

. which is a highly energy intensdve process. Anothéer use night be the

.. excitiﬂ%, but it will take considérable mméunts of time and money before

-

open sea maricuiture of shellfish using the‘nutrients prqyided by-the" \ r

artificial upwelling of the water from the depths. The possibilities are

ankwered environmental

g

development of work is completed and “the

e ’

questions can be resolved.

.
) _ :
) . - '
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READs Dugger, Gordon L., Frederlck E. Naef, and J. Edward Snyder 111,
”; "Ocean' Thermal .Enexgy Conversion", in Kreider and Kreith, c . ‘.
Solar Energy Handbook McGraw-Hill, 1981, Chapter 19.

" ‘o ) : . : . ~F
SUMMARY OF: "Ocean Thermal Energy Conversion" ‘
Re . ' e - . . ‘ . i . \

‘This article is a4key£ot article bn the topic,of ocean thermal )

7 I
conver51on\,_2b is detailed and covers every aspect of the toplc as

it relates to the” energy potentlal

. Thée article concludes that)by the year 2000~ 1.5% to 6% of the

L ]

total United States energy needs coeuld be met w1th ocear thermal.

The hIgher level night, exceed the shlpbulldlng capac1t1es of ex1st1ng
., and new u,s. shlpyard by the yeax 2000 The potential 1s'very great

the shlpyard and nerchant marlne Jjobs that could be generated and the
\/
favorable effects on- the U.s. balance of payments. that could result Co.

‘fron reduced dependence on forelgn 0il and llquefled gas, could' be of

great natlonal beneflt, if more research-and experlmentatlon w1th

- ocean thermal conve331on were to take place in the 1980’'s.
v ‘ % ‘
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NON—ﬁEBi%ENTIAL APPLICATIONS AND FUTURE TEC?NOLDGY i
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. ' Future Applications , 2\
- s . . ! # 1Y

UNIT. 4. Biomass Conversioﬂ\‘ o . .
N

Since humans first existed as a, distinct species, they have used

biomass, or plant and animal material, for various energy forms including

food, shelter, clothing,.and fuel. Stitl today about two-thirds of ,

the world's population still uses biomass for their heating and cooking.
Even now late in the 20th century when fossil fueis supply many of
chemicalfeedstocks, shelter, clothing materials, and energy require-
ments, Wwe are étillﬂdependght on plants for fossil fuels or actually

]
. L
the remains af plant tissues which are converted to oil, coal, or

patural gas over millions of years. The use of biomass as a renewable
energy couse has enjoyed renewed public inyerest‘and increasingly

widespread. use over the last decade. The use of biomass for energy
L] - .

offers significant advantages over the nuclear and fossil fuel energy

sources which western count#ies have leaned to depend upon dufing the
/
L > ’ ' 9

past generation. Biomass is renewable, it can be produced in most

s
" .

regions of the world, it has negligible amounts of sulfur which regults

in" much less air pollution than any oth@r non-renewable source of energy,

and it has no major disposal problem.
The production of biomass energy may be extremely simple or very
’ . .
complex. In simplicity a family may chop five cords of wood during the -

~

fall from their wood lot. This wood is to be used in a wood-burning
. - N
stove during the winter manths for heating(one room of their home ,

The complex is a Sommercial enterprise that grows biomass on a large

-

energy.farm. The biomass s harvested, converted into methanol, mixed
# s r . !

.
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’

with® gasoline, and used 'as a transportation fuel., Regardless of the .
¢

system, they are still coéponents of ‘obtaining energy from biohass:
- : ‘ ’
1) the growing of the biopass, 2) transporting it to the conversiton . .
3 /. - ' L
.site, and 3) converting it into the form of energy which man can use.

a
’ )

- The biomass conversion of sunlight into chemical energy is truiy

-

a simplgvprocess: Green plants have unigue 07pability of captur}ng'the L

) : T _ . L S
energﬁyof the sunlight. After capturing this Mnergy, they convert

f PR 2 N
carbon dioxide and other inorganic molecules into a chemical bond of

~f
energy. The same plants convert carban dioxide and water into simple
’ . - '
Y -

sugars by a series of chemical reactions called photésynthesis.. These

sugars are used by the plaht for: 1) maintenance, 2) growth, and 3)
reﬁrpduction. o ' - .

a Biomaﬁs as'a resource base d;pends upon the current and fu;ure

contributien éf biomass toenergy supplies based on the féllowi;g

systems: 1) growing promising terrestrial aquatic plant species on
energy farms solel& for the conversion to enfrgy, 2) collecting forced

) ’ - l .

agricultural and animal residue for energy, 3) harvesting forest trees )

which are not suitable for lumber, paper, or other forest products. |

»

The.priﬁary resources' for growing plants on terrestrial energy farms

are airable land and high yielding plant species. Similarly, fd%urq;.g

aquatic energy farms would require fresh water or marine water sources
and high yielding plant sp&cies. Other quality resource bases would

be the forest, ;gricultﬁral and animal residues, and all non-commercial
, existing forests. In:identifying biomass resource base data, the most
important issue fac?ng the production of £erres%rial %Eergy crops 1is .

~ ’

« .the availability of land or water Yesources to be allocated for such

.

enterprises. Factors which affect the availability of land 6r water aXe:
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1) the potential of land in various regiQns to grow energy crops,

. ¢ ] . . - "

2) combeting demaqu for that land or water, and 3) future tFends in‘ .
. s ‘ . . .“7' . ’

the supply and demand of the land or water. .

-

If you were to break down the United States into what we would

- -

con51der to be an energy lot, we wol®d find the follow1ng subd1v151ons
There are approxlmately 2 26& .000, 000 acres‘:f land in the United Staie§4‘ .
——————— - P - ./
Thrity-five million acres are in urban development. ' Twenty-six million
’/'\‘ .

’

acres are covered by recreational parks and wildlife. Two hundred,

-

eidhty-fou: million acres are covered by governmental installations.

Seven hundre&, twenty-four million acfes are in cropland. ‘Six hundred,

Sas C . .
four million: acres are in grasslands. Those grasslands are typically
’ . AN

acregages that are not used for:farming and are mostly*federally reserved
? >, - .

’

lands. This @ctually leaves very few acres to be cégsidered.for énergy. <

-

' : ) Many processing options can be appiied o the conversion of biomass *

to ‘energy or chemicals. These processes range in the state degelopﬁent
. ’ . o 4 . y -
from labroatory scale to commercially proven processes. Conversion
. {
effitiency varies conside;ably with the biomass feedstdck which is

used. . Thq“biohass will vary in\heating vélue, alternate analysis,
» ‘ ’ !
-~ appr?xipate analysisb.moisture content, and bulk density. Sone of

»

thgse characteristigs differ oﬁiy slightly in various forms of biomass,
whil others Wary greatly. The énergy content or heating value of biomass:

varies with vhe water content, chemical compdsitioh and the density
. " 1 * «
of the fibrous material. T . g .

Those biomass reﬁeurces with high moisture content such as algae °

7 . .
K or animal manures, are more suitable to converting into fﬁels by using
/ - ‘
the bio-conversion Processes of anaexdbic digestion and fermentation. /
In the process of anaerobic digestion, migro-organisms digest biomass.<
. . ' .‘.\

.

. gy

-
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directly to produce methane or carbon'monoxide gases. This process .

is currently used for the industrial and municipal waste treatmeqz

sysiems to reduce the volume b{ osgaﬁic sludges prior to disposal.
The biomass fermentation frocess uses the mich-organisms to con-

veét simple ars into ethanol. The range of ohehioal feedstocks has

evolved into a substantial chemical indystry over the years. Most
s

recently shemical hydrolysls processes have been developed to convert

~

cellulose to other polysachharldes into permitabM® sugars, orlmarlly »
)

T

glucose. These sugars(oan be then fermented to ethanol, acetone,

_butanol, and a range of other chemicals. Ethanol can be blepded with
A . ’ \

?Easoline %; used,directly in modification to modified internal combustion
.. . - . e °
engines, K

RY . .
The thermal chemical processing of biomass résowrces includes the

[

& »
processes of pyrolysis, gassification, liquification, and direct conm-
. ! L N ‘ . L]
bustion. A wide range of* energy products can be produced, such‘as .

synthetic natural gases, methanol, fuel oil, charcoal, heat, proéess

N —_—
.

. '
steam, and electricity. 1 .

4

In the pyrolysis process, wood is heated in the absence of air
’ .

to a ﬁemperature where the wood decomposes, producing a combust:ble

solid, llquld and gas. In the reeent past, pyrolysis ef wood has\\

-~

/S
been used to produce charcoal and methanol and most recently, flash-

L 3

fwrolysis has been used to pyrolyze municipal Tefuse.

In the thermdal chemical conversion gassificgtion process both

* smedium Btu amd.high Btu gases can be produced from biomass, depending

—

on the temperature and the pressure of the reactien. Most biomass

gassifiers currently under construction operate at atmospheric pressure

nd can yeild crude gases up to 350 Btu's or energy when pertial .
# _to 1 \

.

oxidation is carried out.
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~

Thermal chemical cpnversion liquification’bioméss can also 5e

-~ converted dirQEtly into o0il by uging spdiumcarboﬁate catalyst in a
hydrogenation p£ocess./—A process is currently “ﬁ%fr dgvelgpment for ¢

feeding a slurry of wood chips into a high pressur reaction vessel.

Product oil can be separated from the unconventional material and water i

by-centrifugation. “Thermal chemical convertion-of biomass directly —

to heat steam and electricity can be doﬁe through a direct combustion
process, Thermal efficiency is limited essentially only bs«+the heat

recovery equipment downstream of the combustionéchambé&. For direct

N

fired furnaces and steam %oilers, thermal efficiency is as high as

85%. Generall, biomass with moigture contents beiow 30% can be burned J
’ directly, while.those with higher moisture content may. have to be pre-

dried or fired w;th supplementary fuels. The ho; conbustion waste gas

can be used directly fo?\drying or preheating the bioﬁass.to be burned.

v -

The overall direct combustion efficiency of biomass used to produce

electricity today }s 20% to 30%, depending on the feedstock moisture’

content, the ash content, the plant design, and the efficiency of that .
. .

plant.- In coniparison, effie}ency is low when comparing it to that of
a coal combustion plant, which typically operates at 35% to 40%
¢ .efficiency overall. /f ' . .

Thermal cheﬁical conversion of biomass for residential use, such
as, the use’of wood for heating,'i; also very effective. CQ(pe h;ndred,
fifty years ago most all homes used wood for heatinf and cookiné.

In the early 70's, Wood accountéd for about 1% of all the energy
&sed in the United St;%eé. One hund;ed, fifty years ago, 30 cords
of wood m{éht be burned each year to heat the.typical liviﬁg space ‘

‘ 1]
of the home. Today,the same size structure, with tighter construction

¥ \ ' .

i; ;L()j. ‘ '

’
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and more insulation, may be heated more uniformlj and efficiéntly with
N v

far less wood. As the cost of fossil fuels and electricity have been.

rising, the residential use of wood for heating has also been rising.
From this brief introduction to biomass conversion, one can see

that this is an upcoming innovative form of energy potential that is '
. . 18

A
»

considered a renewable resouxce,

1

4
¢ - N

N .
READ: "Energy from Biomass", Anne Fege, from Kreider and Kreith, \
Solar Energy Handbook, Chapter 25.

SUMMARY OF "Energy From Biomass": ’ .

-

Since humans first existed as a distinct species, they have used

H

» biomass, or plant and animal materials, for various energy forms including

»

*food, sh?lter, cibthing, and fuel. Today, about two-thirds of the world's
population still uses biomass for their heating and cooking. Even ’

n;%, when fossil fuels supply many of 6ur chemical feedstock, shelter,

r

cldthing ﬁaterials, and energy requirements, we are still dependent, on

plants-~for fossil fuels are* actually the remains of plant tissues. _ .

L

N

which were converted to oil, coal, and natural gas over nmillions of

.
’

yeaxss. “ ‘ )
. Obtaining energy from biomass has enjoyed renewed public igsirestl

’ “w o~ . ) ~
agd'anfincreasing%y widespread use, as the prices of fossil fuels rise.

¢

The use of biomass for energy offers significant advantages over the

nuclear and fossil enérgy saucés which Western countries have deﬁended

-

on during the past genefﬁtioﬁ. Biohass is renewable, can b;\produced )

in most regions of the world, has negligible amounts of sulfer (resulting

" in much less air pollution than using coal), and has no major disposal

7 problems. -
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¢ .
Obtaining energy from biomass may be extremely sfhglg, or very

coqplex. A family may'cho? five cords of wood each fall from their

woodlot, and use it in a*Franklin stove during the winter for heating
. * A ~1
one room in their home. In the future, a commercial enterprise nay c
S~

grow biomass on & large energy farm, harvest the material, convert it

}
—— U _ - - —

into methandl, mix it with gasoline, and sell it as a transportation
, fuel. Regardless of the system( there are still three components of

obtaining energy from biomass: (1) growing the biomass, (2) transpor%ipg

it to 'the conversion site, and (3) convérting it into a form of energy
which man can use. .
. \ ¥ J
This handbook chapter will describe the basis for the conversion
of solatr energy into chemical energy content of plants--the bionass
] v

« ; .
resource base--the process for converting biomass to useful fuels, and

one promising future syséem for increasing the amount of energy supplied \
g . AY

by biomass. Most examples have been derived fiom United States experiences -
but the concepts and potentials for ohtaining energy froem biomass may
- . ) ) ‘
,be applied in many parts of the world. . . ) . «
- .o . .
. \'
- [ 3
1 ) N
¥ - - ' ‘ o
/
] ~ . . [
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-
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’
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-
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NON-RESIDENTIAL APleQATIONS AND FUTURE TECHNOLOGY

- .Future Applications
¢ )
«_ UNIT 5. Wind Powe® 3 ~

The last topic discussed in ,this<¥module on/FuturelApplications is

wind energy conversion. Wind is created prlmarlly by the unegual

heatlng of the earch by the sun. The surface of the oceans and the .

lakes and the air over them remain relatively cool during the day.

‘

This is because nuch oﬁk{ge‘snn's insolation either is consumed in
the evaporation of water or is absorbed by the large nasg of water.
Land surfaces, particularly darx covered terrains, heat/up considerably -
during the day. The land then warms the overlying air which expands,
becoming” lighter, and rises. The cooler and heavier over the water

air noves 1n to replace it, creating a local breeze from the water to

.the shorqu At night, the land and:the air above it cool more rapidly
than the water. This cooled air then blews seaward to replace the . r

warm' air that rises from the surface of the water.
Local winds also develop on mountainsides’during the day as __
- .

heated air rises aglong- the slopes, wayﬁed by the sun. During the
night the relatlvely bool and heavy air on the slopes flows down into

Y

the valleys producing mild breezes. Global winds, such as the trade

winds, and the prevailing weterly's are also caused by differential
, 4 L Y / .
solar heating of the earch's surface. In some ldcations the energy

-
- -~ a

of these constant winds may be a valuable source of energy and should be

. ~

tapped. . , X : : ,
It is estimated that between 1850 and about 1935 there were more

than 6 million small machines of less than one hotsepower each used to

.
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' N

pump water, generate electricity and perform milling operations through- ¥

o4

ogyitﬁe rural areas of the United States. Their numbers declined, -
dr;éfically during the mid-30's when the government's Rural Electri- J
fication Administration introduced electrical cooperatives thfbughout
middle rural United States, subsidizing electricity at the expense of
wind_power. By cgpnt today, .there are about 150,?90\wind ﬁ;chines ,
still in operation, primarily'in the western stqtes,\for punping

4
water for livestock on remote ranges. The dommon wind machine use to,

-

pump water has a 12 to 16 foot diametéf rotor éonsigting of metal fan
blades which is méunted on a horizontal shaft. A tail-vein keeps the |
rotor facing into the wiq?. .The shaft is connected to gzsars and a
cam that moves a connecting rod up and down to, operate a pump at the
bottom of the toweT. 'A 12 fost diameter ?otor of this type develops
about 1/6 of ; horsepower and-15 milesmpé; hour wind ané can pump up
to 35 gallons of water a minuﬁf, go g_height of abogt 25 feet.

© 'Small wind machiges for generating electricity nérmally have two
or three propgfipr—type blades which are-cpnnected.by a shaft in the
gear “train to a D.C. éenera%or. Thé wind gener;fors incorpor%te some
type of energybstorage sjséem, normally a bank of batteries.

Wind machines can be classified in the terms of the 'orientation

of their axis or rotation, relative to the diré;£16n~of the wind.

.

There seems to be thrée basic types of rotors, rotor configurations. ' S
Horizontal axis rotors (head-on)--this type .of axis of rotation is .

parallel'to the direction of the wind stream and is very typical of -
e~ M .

. 3
-~

conventional wind pumpers. Horizontal axis rotors (cross-wind)--on
. " ¥

this wind eneré} collector, the axis of rotation is horizontal td the

surface of the earth and perpendicular to the direction ¢f the wind )
. e S - *

v 4 . .
~ .
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stream. This type is ratper uncommon and is seldom round. Yertical

axis rotors--this type of wiud energy, collector has an axis of rota-

tion that is perpeudicular to both the surface of the eartu and to the
wind strean, sometimes commonly known as eggbeaters. : '
Along with the United States, sfzeral foreign countries now have

ma jor developmental projects to perfect new-and more cost effgctive , - /

; N\
, Wwind machines of various configiratidhs and sizes. It 1s speculated A\\‘S

that the smaller machlnes undoubtedly w111 experlence 2 renaissance * - g

-

on the home and the farm,<while large scale systems may be developed
k]

on wind farms that supply electric power for small communities or may
be fed directly into the elecirical grid for larger communities. The
concluslon of many studies throughout the United States suggests that ,

wind energy will soon become a v1ab1e energy 0ptlon.

-

\ Solar thermal electric conversion systems collect solar radiation

and convert it f%rst to thermal energy and then to electric power,

Typically, the solar heagt that is transferred.to the working fluid is

s . . H

* used to generate electircity by means of a high tempeaature thermal
» e LI
dynamic cycle. At the completlon of the thermal dynamic cycle waste

heat is reJected to the environment at as low a temperature as environ-
-mentally practical, ] | . .
. .There are two types of solar therual electric systems. Both of v
these systems require the same basic components: solar collection’ .
devices, conversion of solar tthhermal energy, transport of thermal
energy to a convertor, thermal energ; to electrical conversion, de-

>
sposal of use of[reJected heat, and energy storage. The first solar

thermal electrrcal system, is called the distributed collector system - N

i« o Its maln characterlstlc is a 1arge number of individual solar collectors,

5 -t
¥ .- , -
-
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each of which collects and congentrates solar energy and converts it L. '
4 R - .
to thermal energy. This collected thermal energy is then transported {

by a fluid thréugh a network of piping to a heat engine and a generator.

. The second sblar thermal electric conversion system is identified
as a.central receiver system; This system is characterizeq by a laréé .
n&mber of mirroré called heliostats that reflect the solar eneréy to a

single receiver mounted on a tall tower. This central redeiver then

collects the concentrated solar energ; and converts it to thermal < .
energ}. The subsequent thermal energy is %f;nsported by a fluid to a g
heat engine and a generator and in tuxrn produces electrical eurrent.;, R _ T ' X
Thé first céntral'receiyé; qystgm is being conét;ucted at Barstow, . ‘~4(

Galifornia by the McDonald Douglass Corbogation and is expected to be

. - N

14
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READ: Bragg, G.M., "Wind Power", Department of-Mechanical L
Engineering, University‘of Waterlooy Waterloo, Ontario, )
Canada, in Solar Energy Conversion by A.E. Dixon and J.D.. AU

"Leslie, Pergamon Press, 1979, Chapter 47.
¢ _6"
' SUMMARY OF: "Wind Power"

-

5 . \
This article attempts to describe the fundamentals of wind power

utilization with emphasis on the information needed to dec%&e on the .

basic geometry- of wind power devices and,to discuss the ~availability of

-

wind for power generation. It ?lso discusses briefly the economlcs ..

.and social acceptance "of wind power dqggces at the present time.
Basically wind power is simply ano?her manifes;;tion of solar -

power. Wind power has a fundamerttal ad?antage over traditional solar

power however in that its energy is high. The wind, being available

in a méchanical férm is easily converted to useful work. In particular,

éhaft-horsepower'is easily generated by a Wind Eneré; Conversion

Systém (WECS). A fundamental problem with wind poweé, howeverﬁ\is that

manw WECS produce iow RPM shaft horseI power. '.I,'his later disadv‘a.x_ltage

is seen to cause a number of difficﬁlties_as the article;delvég into

tﬂ? subject. The modern research on wind power is rather diffuse ag

present and the major problems are only slowly bg}ng i@entified: The

field’gg\slowly producing a congEE?nsive literature although good
. ¢ N

surveys of the field are few.
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Axis Wind Mills, Report SWD 77-1 of the Steering Committee for Wind o
! Energy in Developing Countries, Amersfoort, The Netherlands, 1977.
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- - September 1977, p. 635.
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READ: Hughes, William, D.K. ‘McLaughlin, and R. Ramakumar, "Wind r
Energy Conversion Systemg", American Wind Turbine;Co. and

Oklahoma State University, Stillwater, OK, in Kreider and-
Kreith, Solar Energy Handbook, McGraw-Hill, 1981, Chapter 23,

(3

W / 4
This article describes wind'energy converters and their integration :

SUMMARY OF: "Wind Energy Conversion Systems"

into power systems. Many kinds of aerogeneratod are described, the most

practical being anafyzed in détail. In addition, the his:oqry of wind
?iggﬁérgy use, site criteri;, i:::fmics, and utility interfaces‘are.

described. The.article ié.orga?ized in three sec%ions——introduction,

.

aeroturbine design, and wind-electric systems. kN\(

M
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